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INTRODUCTION.

Twenty-nine years have passed since Prof. O. C. Marsh and his

assistants made the first discovery of camptosaurian remains in the

Jurassic deposits of North America. During this period, with the

exception of a number of short papers prepared at various intervals

by Professor Marsh, little has been written concerning this inter-

esting group of extinct reptiles. Their apparent neglect is no doubt

due in large part to the dearth of material, for, despite the fact that

the gathering of collections has been continued with increased activity

during the past eleven years by representatives of the various scien-

tific institutions of the United States, but little new camptosaurian

material has been brought to light.

The fossils upon which the present paper is largely based were

acquired by the U. S. National Museum through the U. S. Geological

Svu'vey, being contained in that part of the Marsh collection trans-

ferred to the Museum in 1900. The greater part of the material was

in the same condition as when received from the field many years

previous, and its preparation in so complete a condition, in view of

its rarity, has been most gratifying. Not only are there many indi-

viduals represented, but the perfection of two of the skeletons throws

much additional light on their structural characteristics, and it has

been thought advisable to give here for the first time a detailed

description of the osteological structure of the genus. This will be

followed by a discussion of the species in anticipation of defining

their more important characteristics. This work was made possible

Ijy the study of the types and other specimens contained in the col-

lections of the Yale University Museum, which were generously

placed at my disposal.
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The most serious difficulty in the proper study of the type-specimens

was due to their hick of preparation. It is hoped, however, that in

the text and figures presented here a little has been added to our

conception of a form long neglected.

I take this opportunity to express my appreciation of the assist-

ance given me during the preparation of this paper. To Dr. George

P. Merrill, head curator of the department of geology, U. S. National

Museum, I am first of all indebted for making possible the arrange-

ments for the preparation and study of this material, and I gratefully

acknowledge the many privileges extended ; to Prof. Charles Schu-

chert, of the Yale University Museum, I am under obligations for

the generous manner in which he placed at my disposal the types and

all other camptosaurian material contained in the collections under

his charge. I also wish to thank Prof. E. 8. Lull, of the same insti-,

tution, for courtesies extended during my visit to New Haven. For

the privilege of studying material and assistance rendered, I am
grateful to Dr. W. D. Matthew and Mr. Barnum Brown, of the

American Museum of Natural History, New York. I am also in-

debted to Mr. Norman Boss, of the U. S. National Museum, for effi-

cient assistance in the preparation of material, and to Miss M. W.
Moodey in the final preparation of the manuscript.

HISTORY OF THE DISCOVERYOF QUARRYNO. 13.

With the specimens upon which the present paper is based were

found many of the original field labels, on which the locality is given

as " Quarry No. 13 or No. 13^, 8 miles east of Como, Wyoming." A
brief history of the discovery and methods employed in working this

important deposit of fossil remains is here given on account of the

perfection of many of the specimens found in the quarry. It has

furnislied the holotypes of Camjjfosavrufi dispar, C. nanus, and the

allied forms, Dryosaunis alius, besides a vast quantity of other

material, chiefly pertaining to the Stegosaurida?, among which are

the holotypes of Stegosaurus sideatus and Dimcodon latieeps.^ In

response to an inquiry made of Mr. W. H. Reed, of Laramie, Wyom-
ing (the original discoverer), as to the history of the discovery of

this deposit of fossils, he Avrites:

In August, 1871). I t'ouUl see the end of quarry No. 10, where the type of

Brontosdirnis crcclxiis Marsli was found, so I took one of my men, Mr. E. G.

Ashley, and we started out east from the niahi bluff (or Como-bluff). On the

fourth day of our search, in the afternoon, being in the lowest of the .Jura bone

horizon, we found some hollow bones in the wash and soon after discov-

ered the quarry. The first bones to be taken u]) was a nearly complete skeleton

of AUosauru>!. After this skeleton had been taken out, we found large quan-

« Prof. R. S. Lull informs me that the holotypes of Coelurus fragilis and
Morosaiu-iis lent us also came from this quarry.
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titles of Stcgosnurus and Camptosaurus bones. This quarry was entirely dif-

ferent from any other Jurassic quarry I have ever seen, tlie matrix being a

fine quality of sand. * * * There were also numerous small tubes with an

outer crust of calcite. These were nearly uniform in size and about one-half

inch in diameter. There were no large dinosaur bones found in this (luarry,

but it seemed to be a fav<u-ite resort for the smaller species. * * * ^he

quarry was cut through by two gulches, and that portion on the west side of

the west gulch was called 13 west, that part between the gulches was 13 east,

and that on the east side .of the east gulch was 13i. This is as I started the

work, and I believe Brown continued this plan. * * * j fl^jj jj^ ^y old

notebooks the original locations that were filed in 1879 in order to hold it from

trespassers.

An inclosure in the above letter shows the quarry to have been

located in the northeast quarter of section 5, township 22 north, of

range TO west, Albany Comity, Wyoming.
Under the supervision of Mr. Reed, at that time employed by Prof.

O. C. Marsh, quarry No. 13 was worked for the remainder of the

season of 1879 and during the summers of 1880, 1881, and 1882. In

1883 further excavations were made under the direction of Mr. J. L.

Kenney, and in 1884, Mr. Fred BroAvn assumed charge of the explo-

rations, which were continued uninterruptedly until the autumn of

1887, when the quarry was abandoned as exhausted.

PLAN OF WORK.

The fossils collected from quarry No. 13 prior to 1882 are now pre-

served in the collection of the Yale University Museum, while the

specimens resulting from the later excavations (the expense of col-

lecting having been defrayed by the U. S. Geological Survey) are

now in the paleontological collections of the U. S. National Museum.
Much of this material still remains in the original packages as col-

lected from twenty-one to twenty-six years ago.

Rough sketch maps of the quarry were made by Reed, on which

he indicated the relative positions of all of the important bones found.

Unfortunatel}' only a few of these are now available. Later Brown
formulated a more detailed plan of recording the relative positions

of the specimens uncovered. The quarry was divided (see fig'. 1)

into what he designated diagrams, beginning with No. 1 and ending

with No. 13. In some cases it is found that one diagram represented

a season's work, while in other instances several diagrams were

worked out in one year, probably due to the varying number of fossils

found in the different sections. The diagrams were subdivided into

2-foot squares and, the maps being platted on the scale of 2 feet to the

inch, bones as found could be accurately located on them. Each
bone or group of bones (when taken up in one block) was given a

quarry number, the bones found in each diagram beginning with num-
ber 1 and continuing serially for all of the specimens in that section.
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The number being placed on a label with the specimens, as well as

on the map, the exact position of a bone in relation to those found

near it could be quickly and accurately determined in the laboratory.

Unfortunately a compilation of the several diagrams had never been
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made, and it was only after a most tedious search that the relative

230sitions of those shown in fig. 1 were determined. There was no

data found whereby diagrams 9 and 10 could be accurately located,

and the area worked by Reed can only be indicated in a general way.

rOSITION OP^ THP] BONESOF CAMPTOSAITRUSHltOWNI AS FOUNDIN
THE QUARRY.

The most complete specimen considered in this 2:)aper is a new
species, C'amptosaurus browni (Cat. No. 4282, U.S.N.M.), which was
collected by Mr. Fred Brown from quarry No. 13, -8 miles east of

Como, Albany County, Wyoming, in 1885 and 1886. The accom-

l^anying map (see Plate G) shows plainly how the bones of this

individual were found as they lay embedded in the ground. The
diagrams were drawn (as explained previously) at the time of dis-

interment, and the painstaking care bestowed on them is worthy

of the highest commendation. Nearly a quarter of a century has

elapsed since this skeleton was collected. During the interval the

material from this area had become widely scattered, but by the aid

of the diagrams the specimens were not only assembled, but I was
enabled to again place all of the elements in their original relative

positions.

Most of the skeleton lay in diagram 5, but a study of the contiguous

area represented by diagram 7 showed other elements which could,

beyond a reasonable doubt, be associated with the same individual,

although collected a year later. The main axis of the skeleton lay

in a northeast and southwest direction, and apparently not far re-

moved from where the animal died.

As indicated by the original quarry numbers, the left fore limb and

foot and anterior dorsal vertebra? were the first elements discovered.

The limb and foot bones la}^ on the left side of the vertebral column

in the positions indicated on the map (see Nos. 83, 84, and 85), the

scapula and coracoid being removed some 5 feet to the left of the

lower limb bones, but inasmuch as this is the only skeleton of

Camptosaurus found in this part of the quarry, and as it pertains

to the left side, there can be no doubt of their proper association.

The vertebral column, which appears quite complete, was disarticu-

lated at intervals. Beginning with the anterior portion of the back-

bone as preserved, cervicals 78, 77, and 76 were articulated by their

zygapophyses and represent, respectively, the eighth and ninth cervi-

cals and first dorsal. No. 83, although not interlocked with 78, w^as

but little removed from it, and appears without question to represent

the seventh cervical. Two other cervicals. No. 109 and another from

which the original quarry number had been erased, are also pro-

visionally associated with this skeleton, and represent the fourth and

third cervicals, respectively. On account of the erasure of the quarry
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number the position of the third cervical could not be found on the

map, although it was associated with the bones of No. 4282. The
vertebrae of the next series, Nos. 101 to 106, while not interlocked by

their zygapophyses, were so closely associated that there can be no

question of their representing a series, and when prepared fit one

another perfectly. The position of the capitular facets and shape

of the spinous processes show them to pertain to the anterior dorsal

region. An interval of a foot or more existed between No. 106 of

this series and No. 76. In the next series, Nos. 120 to 136, the verte-

brae Avere found occupying their relative positions and but little dis-

turbed. From the adhering matrix I was able to connect up this

series from the mid-dorsal through the sacral into the anterior caudal

region, and an unbroken series is undoubtedly represented from the

eighth dorsal back through the sacrals to the fourth caudal, inclusive.

Caudals Nos. 168 to 169 and Nos. 158 and 159 were removed some-

what laterally, but were intermediate in size and appear to fill the

gap between 136 and 170. Nos. 170 to 174, with their chevrons, were

found articulated. Another series of four vertebra^ (block 208) was
shown in diagram 7, some 14 feet to the east of No. 174. But an

anterior zygapophysis, retained in place by the matrix of the latter,

was found to fit on the first vertel:)ra of this series, and so fixed beyond

doubt their proper position in the tail. Some 14 or 15 feet to the

north and east another series of eighteen distal caudals (Nos, 218 to

235) was found, most of them articulated or so closely associated

that it appears none are missing in the series.

It is perhaps fortunate that while the other bones found in this

area represent the remains of several individuals, nearly all per-

tain to the genus /Sfef/osaurus, from which the elements of Cam.pto-

saurus are readily distinguishable. This remark applies particu-

larly to the rounded distal caudals of CamptoHaurus which may at

once be distinguished from the short hexagonal caudal centra of

Stegosaurus. That this distal series belongs to C. hroumi there can

be but little question. The ilia, Nos. 140 and 167, lay on their respec-

tive sides of the sacrum and but little removed from it, with their

anterior ends directed forward. The other pelvic bones were not

indicated on the map, but from their quarry numbers it was deter-

mined they could not have been far removed. Nothing of the hind

limbs was found. The right fore limb (and foot) Nos. 98, 101, 119,

and 120, were found to the west and right of the anterior cervicals.

From the fact that all of the elements pertain to a right limb and

closely agree in size with the left, its assignment appears certain.

Some scattered ribs and pieces found near the dorsals have been pro-

visionally associated with them. All of the remaining material

from diagrams 5 and 7 has been gone over carefully in the hope of

finding some elements of the skull and other missing parts, but with-
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out reward. It appears remarkable that in a skeleton which shows

so little displacement of the elements as this one, that the heavy

bones of the hind limbs should be missing. An unusual feature is

the preservation of both fore limbs and feet. Experience of several

seasons' field work has shown that while it is not unusual to find

hind limbs fairly complete, the front legs, particularly of the Jurassic

saiiropods, are rare.

B}^ reference to the quarry map (see Plate G), all of the evidence

as to the association of the parts nuiy be plainly seen. The bones not

numbered pertain to one or more genera different from Campto-

saurus. The series to the east of the vertebral column represents a

caudal series of /Stegosaurus, and most of the other scattered elements

have been recognized as belonging to that genus. With the exception

of two caudal vertebra', no duplicate bones of Camptoscuonis have

been found. There can be therefore little question but that all of

the elements indicated as Camptosaurus belong to the one individual.

The position of the bones of the skeleton, as found in the quarry,

is shown in diagrams 5 and 7, Plate 6. The position of the different

parts is indicated by the original quarry numbers as follows

:

In Diaoram 5.

81. Dorsal rib. 129

83. Dorsal rib. 134

84. Left liumerus.

85. Left radius, ulua, and manus. 140.

98. Spinous process. I57.

101 to lOG. Dorsals (2, 3, 4, 5, 6, and 7 15s.

of series). I59.

106. Thoracic rib. 167.

107. Head of dorsal rib. 168.

109. Piece of dorsal rib. I69.

113. Portion of right ischium. 170
115. Left ischium.

116. Dorsal rib (portion of head). I75
120 to 128. Dorsals (8th to 16th of 173'

series).

to 133. Sacrals.

to 136. Cauda Is (1, 2, and 3 of

series).

Left ilium.

Portion of dorsal rib.

Caudal (6th of series).

Caudal (5th of series).

Right ilium.

Caudal (3rd of series).

Caudal (4th of series),

to 174. Caudals (7, 8, 9, 10, 11, and

12 of series).

176. Caudal vertebrse.

Chevron.

In Diagram 7.

45. Left scapula.

46. Left coracoid.

76. First dorsal.

77. Ninth cervical with one rib.

78. Eighth cervical with both ribs.

83. Seventh cervical.

84. Right humerus.

98. Right coracoid.

101. Right scapula.

109. Fourth cervical.

119. Right radius and ulna.

120. Right manus.

177. Ungual of Digit IV, right hind

foot.

208. Caudals (13, 14, 15, and 16 of

series).

218 to 235. Caudals (21st to ,38th of

series).
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OSTEOLOGYOP' CAMPTOSAURUS.

In the following pages an attempt is made to give a detailed de-

scription of the complete osteology of Camptosaurus, which, to a

great extent, is based upon material preserved in the paleontological

collections of the U. S. National Museum. This is supplemented,

however, in many instances, and corroborated in others, by a study

of the types and other specimens in the Yale University Museum, the

collections of these two institutions containing the greater portion of

the known Camptosavi^vs material from the Jurassic of this country.

Primarily the detailed description of the skeleton is based on Cat.

No. 4282, U.S.N.M,, holotype" of the new species, C. hrowni. I

have selected this specimen on account of its representing a consid-

erable portion of one individual, concerning the association of whose
parts there can be but little question raised. Reference will occasion-

ally be made to other individuals, where important structural dift'er-

ences are displayed, and bones not represented in this skeleton will

be described from other specimens.

THE SKULL.

A complete articulated skull of Camptosaurvs is unknown, al-

though nearly all of its comiDonent parts have been recognized from

the several disarticulated and fragmentary crania now preserved in

the collections of the National and Yale museums.

Marsh was the first to attempt a restoration of the skull, wliich was
based primarily upon the disarticulated elements of No. 1880 (holo-

type of C. fnedius), and the well-preserved anterior and posterior

portions of No. 1887, Yale Museum, shown in Plates 7, 8, and 9 of the

present paper. The latter specimen represents a very much larger

individual, and, as suggested elsewhere, probably pertains to a dis-

tinct species. Thus the skull as figured could hardly be distinctive

of C. medius, as formerly considered.

The restoration presented here (see figs. 2 and 3) is based upon the

one given by Marsh, with such corrections and emendations as better

preserved and more abundant material renders possible, and while

it is anticipated that future discoveries will undoubtedly show the

present restoration to be in error in some particulars, still it is be-

lieved that a clearer and more correct conception of the skull of

Camptosaurus is given than could be obtained from the earlier repre-

sentations.

«This is a term defined by Schucliert (Bull. U. S. Nat. Mus., No. 53, Pt. 1, 1905,

p. 10) : "A liolotyi^e in natural history is a particular individual deliberately

selected by the author of a species, or it may be the only example of a species

known at the time of original publication. A holotype, therefore, is always a

single individual, but may embrace one or more parts, as the skin, skeleton, or

other portions, such as the obverse and reverse of a natural mould."
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The occipital region, parietals, and frontals have been largely based

upon the posterior portion of a skull of C. dispar, No. 5473, U.S.N.M.

Fiu. 2.

—

Skull of Casiptosaurus. Co.mposite re.storatiox ; about J nat. size. Seen
FROMTHE LEFT SIDE ; UllfJ, ANGULAR; 1)0, BASIOCCIPITAL ; hs, BASIPHENQID ; d, DEXTARY;

ejTo, EXorciPiTAL
; f, frontal ; if, i>-frate.mporal fossa ; ju, juoal ; I, lachryaial ;

VI, maxillary; luf, mental foramen; na, nasal; no, nasal orifice; o, orbit; oc,

occipital condyle ; pd, pkedentaky ; pf, postfrontal ; pmx, premaxillary ; prf,

prefrontal ; qj, quadratojugal ; qu, quadrate ; s, supraorbital ; sf, external mandi-
bular foramen ; sof, supraorbital fossa ; sp, splenial ; sq, squamosal ; sar, suran-
gular ; VIII, inter'nal auditory meatus ; IX, ..Y, foramen lacerum posterius ; XII,

hypoglossal foramen, and foramen for exit of vein.

(see Plates 10 and 11). The anterior half as well as the infero-

posterior part are after No. 1887, Yale Museum (see Plates 7 and 8).

Fig. .'?.

—

Skull of Camptosaurus. Composite restoration ; about I nat. size. Seen
Fuo.M THE top; cxo, exoccipital

; f, fkontal ; fm, foramen magnum; if, infkatem-
I'ORAL i ">SSA ; ju, JUGAL ; I, LACHRYMAL; na, NASAL ; OC, OCCIPITAL CONDYLE; p, PARIETAL ;

pf, POSTFRONTAL
; pmw, PREMAXILLARY; POC, PARAOCCIPITAL PROCESSOR OPISTHOTIC ;

prf, PREFRONTAL
; qU, QUADRATE; S, SUPRAORBITAL; SO, SUPRAOCCIPITAL ; SOf, SUPRA-

ORBITAL FOSSA; sq, SQUAMOSAL; Stf, SUPRATEMPORALFOSSA.

The lower jaw and maxillary are partly after No. 1887 and partly

after No. 1886 (see figs. 7 and 8) , also in the Yale Museum. No. 1880,
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although largely disarticulated, furnished much additional as well

lis corroborative information. A study of the disarticulated elements

of several other individuals assisted greatly in the proper interpreta-

tion of their arrangement.

The predentary of Camptosaurus is as yet unknown, but as repre-

sented here is a modification of the Igaanudoii type rather than of

Ti'lceratops^ as first represented.

A restudy of the material now available has resulted in a number
of modifications and changes, the more important of which may be

briefly enumerated as follows:

(1) A more detailed presentation of the arrangement of the ele-

ments of the occipital and parietal segments.

( 2 ) The removal j^osteriorly of the coronoid process of the mandible,

which alters considerably the proportionate values of the dentary

and the posterior elements of the jaw, that is, the lengthening of the

former and shortening of the latter.

The many minor changes will be alluded to in more detail in the

description of the elements to follow.

Viewed from above the skull is wedge-shaped, with the apex

directed forward. Whenseen laterally it is of moderate depth, wider

posteriorly than anteriorly, with a prominent orbit and large infra-

temporal fossa. The rami are moderately deep, but not so wide and

heavy as in Iguanodon.

Basioccipital. —The heavy basioccipital is terminated posteriorly

by the rounded occipital condyle, which is somewhat reniform in

outline. In Cat. No. 5473, U.S.N.M., its greatest horizontal diameter

is 40 mm. and its vertical diameter 25 mm. The smooth articular

surface is continued forAvard on the under side of the condyle as a

triangular area, the apex pointing anteriorly. The continuation of

this articular surface would appear to indicate a greater mobility of

the head up and down than from side to side, at the joint with the

atlas. This would allow the anterior portion of the cranium to be

considerably depressed.

In advance of the condyle the inferior surface is deeply concave

longitudinally and convex transversely, with quite a pronounced

median depression. Anteriorly and on either side of this depression

are two blunt, roughened, basioccipital processes Avhicli abut against

the expanded processes of the basisphenoid, the free extremities of

which point downward and backAvard, and underlap those of the

basioccipital. The basioccipital articulates with the basisphenoid by

a median, tongue-like anterior extension, which is received in a

corresponding notch on the posterior end of the latter, as in C.

prcsfivichii. The intercalated basioccipital process on the ventral

surface has a sharp median crest Avhich begins behind in a depression

in front of the condyle. The median superior surface is concave
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transversely and forms the floor of the foramen magnum. On either

side of this depression are rough siitiiral surfaces for the exoccipitals,

the posterior terminations of which enter slightly into the formation

of the ball of the occijiital condyle at its upper lateral corners.

Exoccipital and opistJiotlc or paraoccipital. —The exoccipitals form
the greater j)art of the boundary of the foramen magnum and con-

tribute' slightly to the formation of the occipital condyle. Seen from
behind, they rise as pillars from the condyle, articulating dorsally by

oblique sutures AA-ith the supra-occipital, and continuing latero-

posteriorly into the broad opisthotics or paraoccipitals. On the

median posterior surface, just external to the lateral border of the

foramen magnum, are pronounced circular depressions (see fig. 4).

Dorsally, the paraoccipital appears to support the parieto-squamosal

processes much as in Stegosaurxs. The exoccipital and opisthotic are

firmly coalesced, and there

is no indication of the

position of the suture,

which evidently was early

obliterated. On the in-

ferior lateral surface of

the exoccipital are four

small foramina, one in

front of another, the an-

terior one being separated

from the other three by an

oblique ridge. The more
jDosterior pierces the ex-

occipital and enters the

foramen magnum just
within the external open-

ing of the latter. As in

Morosaurvs agilis^ Diplodocus^ Sfef/osaurus, and Ti'ieeratops^ this

doubtless served to transmit the hypoglossal, or twelfth nerve;

the next anterior which enters the foramen more inferiorly, instead

of a branch of the twelfth nerve, as indicated in the figures, may
have transmitted a vein, as in the crocodile; the third, which is

separated from those posteriorly by a slight vertical ridge, was
probably the exit for the pneumogastric and glossopharyngial nerves,

while the fourth, the function of wdiich is undetermined, passes

diagonally through the outer anterior edge of the exoccipital and
enters the large foramen just within its external opening. The
nearly vertical suture between the opisthotic and prootic is plainly

indicated on the portion of the skidl of Cat. No. 5473, U.S.N.M. (see

fig. 5). The broad paraoccipital processes extend outward and
backward beyond the posterior termination of the condyle (see Plate

10, fig. 2). Viewed posteriorly (see fig. 4), the median part is con-

al. sp
ix,x

bs

Pig. 4.

—

Posteriou view of occirnwL kegion of
SKULL of CAMPT0.SAURUSDISPAR MaBSH. CaT. No.
5473, U.S.N.M. : g NAT. SIZE. Al. sp., ALISPHE-
NOID ; hS, BASISPHENOID ;• eXO, EXOCCIPITAL ; fm,
foramen MAGNUM; OC, OCCIPITAL CONDYLE; J)OC,

PARAOCCIPITAL PROCESS OR OPISTHOTIC ; p. pt,

PROCESS ON BASISPHENOID WHICH MEETS THE
PTERYGOID; SO, SUPRAOCCIPITAL ; IX, X, FORA-
MEN LACERUMPOSTERH'S.
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"

stricted, while the outer termination is expanded both dorsally and

ventrally, more especially in the latter direction, into a wide, some-

what broadly rounded end. The posterior surface of this process is

gently convex dorso-ventrally, while the anterior surface is plane,

with a shallow, longitudinal groove extending for part of its length

on the anterior inferior border.

Supraoccipital. —The supraoccipital of Camptosanrns, as in the

English Hi/psilophodon and Camptosarirns prestunchn, enters into

the formation of the boundary of the foramen magnum. It con-

tributes to the upper median boundary, and extends forward and

upward into a stout pyramidal median crest, which is inclosed dor-

sally and laterally by the parietals. Ventrally it articulates by heavy

sutured surfaces with the obliquely placed dorsal faces of the ex-

occipitals and prootics. The principal characters of this bone and

the relation it bears to the surrounding elements of the skull are

clearly shown in figs. 4 and 5.

Basispheiioid and pciraspheno'ul. —The basisphenoid is very heavy

and broad posteriorly where it articulates with the basioccipital by

a deep vertical suture. On its posterior ventral surface two heavy,

roughened buttresses are developed, Avhich slightly underlap the

anterior end of the basioccipital, and between which is received a

heavy, median, tongue-like prolongation of the basioccipital. An-

teriorly it is narrower and gives oif a pair of diverging processes or

pillars, produced somewhat below the ventral surface. These are di-

rected downward, backward, and outward, and present in front at

their extremities, surfaces for contact with the pterygoids (see ^, pt^

fig. 5). Latere- ventrally the basisphenoid is compressed, having later-

ally, one on either side, two forwardly directed slits, from which two

converging foramini extend forward into the pituitary fossa. These

foramini probably transmitted the carotid arteries, as in the croco-

dile (see c, fig. 5). They are also present in Tricerdtops., Stego-

saurus, and Iguanodon. Dorso-laterally the basisphenoid articulates

with the exoccipital, prootic, and alisphenoid. The parasphenoid ex-

tends forward from the base of the pituitary fossa as a median pro-

longation of the basisphenoid and divides the interpterygoid vacuity

posteriorly into two parts. Its anterior extent, however, can not be

determined from available material.

Alisphenoids. —The alisphenoids are a ])air of roughly triangular

bones which arise from the anterior dorsal surface of the basi-

sphenoid, and unite dorsally as in the crocodile with the parietal,

frontals, and postfrontals (see fig. 5). Their inner surfaces form

the walls of that part of the brain case which lodges the cerebral

hemisphere. Their anterior ends are divergent, turning decidedly

outward, their dorsal surfaces being received in a transverse groove

on the anterior ventral surface of the postfrontal. A narrow, pos-
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teriorl}^ notched process descends to the basisphenoid a

with it by a slightly expanded end. The posterior bordt

process forms the anterior margin of the foramen ovale u,.

transmission of the trig-eminal or fifth nerve (see V, fig. 5.) Above
the foramen ovale the alisphenoid is united by suture to the prootic

bone, as plainly shown in Cat. Xos. 5473 and 5997, U.S.N.M. Their

external surfaces form part of the inner and anterior boundaries of

the supratemporal fossa. The alisphenoids in /Stef/osaun/.s appear

to be identical in shape, position, and relationship, as regards the

surrounding elements.

Orhitosphenoids. —Ossified orbitosphenoids Avere undoubtedly

])resent, as indicated by two thin, flattened, plate-like elements found

in the matrix with the alisphenoids of Cat. No. 5097. U.S.N.M.
Furthermore, these appear (if not mutilated) to be large enough' to

comj)lete the anterior portion of the brain case, as shown by specimen

Cat. No. 5473, U.S.N.M. If present, they would form the walls which

enclose the olfactory lobes of the brain.

The prootic. —Between the occipital and parietal segments of the

skull of Camptosaurus is an area which must represent the position

of the auditor}^ or periotic capsule. As in most reptiles, the elements

forming the cajosules, i. e., the opisthotic and epiotic, are probably

fused so that their exact identification is rendered somewhat difficult,

the prootic alone remaining differentiated in the adult.

The prootic, as plainly shown by the two specimens. Cat. Nos. 5473

and 5997, U.S.N.M., is bounded as follows: Posteriorly by the

opisthotic ; dorsally by the supraoccipital, unless the epiotic be fused

with that bone, a jjoint, however, which can not now be determined;

anteriorly by the alisphenoid, and ventrally by the basisphenoid.

These relations are clearly shown in the specimens studied, as the

sutures remain distinct in both.

In Cat. No. 5997, U.S.N.M., the prootic is all that remains of the

lateral walls of the brain case, still attached to the basisphenoid, the

alisphenoids, and orbito-sphenoids being present but detached from
the rest of the specimen. As shown by a third specimen. No. 5996,

U.S.N.M., these elements are united to the basisphenoid antero-pos-

teriorly by pit-like, roughly sutured surfaces, but above they expand
into a thickened wing-like dorsal portion produced more especially in

the posterior direction, which extends backward and outward and laps

along the median anterior surface of the outward extension of the

opisthotic, uniting by horizontally striated sutural surfaces. Above the

large foramen (internal auditory meatus, see VIII, fig. 5), the suture

between the prootic and opisthotic is nearly vertical up to the back-
ward projection of the former. The dorsal surface is united by an
inclined sutural surface (see s, fig. 5) with the overlying supra-

occipital. The figure shows the supraoccipital crushed upward from
Proc. N. M. vol. xxxvi —09 14
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^ ^ition and thus exposes the ventral sutural surface

m juxtaposition, would unite closely with the transversely

onecl dorsal surface of the prootic. Anteriorly it presents a

thickened sutural surface for union with the alisphenoid. BeloAv,

the anterior border is deeply notched by the foramen ovale. The
upper exterior surface forms part of the lower inner boundary of

the supratemporal fossa. On the lower median part of the lateral

surface is a deep, vertical groove leading up to a foramen entering

the brain case, which, from its position, should represent the exit of

the seventh or facial nerve.
-^^

(See VII, fig. 5.)

In the skull of Trieera-

tops, Hatcher « was un-

able to distinguish the pro-

otic, and in Diplodocvs,

Holland '' did not detect

its presence. In both
cases the region which it

should occupy if present

was considered a part of

the alisphenoid. Fro m
t h e facts brought out

by a study of the skull

of Camptosaurus which

shows the presence of the

otic elements in the di-

nosaurian skull, I believe

they will be found in both

of the forms mentioned

above. In this connec-

tion it is of interest to

quote from Huxley '' who
says :

" The prootic is, in

fact, one of the most constant bones of the skull in the lower verte-

brates, though it is commonly mistaken, on the one hand for the

alisphenoid, and on the other for the entire petro-mastoid."

The epiotic I am unable to recognize and if present, it occurs, as

in most reptiles, fused with the supraoccipital, and no longer recog-

nizable.

Parietal. —As in most reptiles (excepting Chelonia, IchtJiyosauria,

and some Thero?)iorpha), the parietals in Camptosaurus are united.

( See Plate 10. ) An examination of two disarticulated skulls in which

" Mon. V. S. Geol. Survey, XLIX, 1907. p. IT.

^Memoirs Carnegie Museum, II, No. 6. 1906, p. 23(), fig. 8.

^ The Anatomy of Vertebrated Animals, 1872, p. 26.

Fig. 5.

—

Lateral view of posterior portion of
SKULL of Camptosaurus dispar Marsh. Cat. No.

.5473, U.S.N.M. ; g nat. size. A1. sp., alisphe-
noid ; bo, BASIOCCIPITAI, ; hS, BASISPHENOID ; c,

groove LEADING TO FORAMENTHROUGHWHICHTHE
CAROTID ENTERS PITUITARY FOSSA; CXO, EXOCCIPI-

TAL ; OC, OCCIPITAL CONDYLE; poC, PARAOCCIPITAL
PROCESSOF OPISTHOTIC ; p, pt, PROCESSFOR PTERY-

GOID ; pro, PROOTIC ; s, sutural surface of
SUPRAOCCIPITAL, CRUSHEDUPWARDFROM ITS NOR-
MAL POSITION IN RELATION TO THE PROOTIC WITH
WHICHIT UNITES ; SO, SUPRAOCCIPITAL ; V, FORAMEN
OVALE ; VII, FORAMEN FOR SEVENTH OR FACIAL
NERVE; VIII, INTERNAL AUDITORY MEATUS; IX, X,
FORAMENLACEBUM POSTERIUS ; XII, HYPOGLOSSAL
FORAMEN,AND FORAMENFOR EXIT OF VEIN.
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all other sutures are distinctly seen, failed to show any indication of

an interparietal suture. Hulke " has observed that Hypsilophodon

foxii, Iguanodon nuintelU^ and Catnptosaurus {Iguanodon) prest-

wichil all have unpaired parietals.

Seen from above the parietals are comparatively short, heavy

bones. Their lateral surfaces, which form the upper walls of the

brain case, are smooth, concave antero-posteriorly and thus constricted

medially into a rounded crest, and without the sharp median sagittal

ridge found in Iguanodon. Anteriorly the expanded end unites with

the broad plate-like frontals by an angular suture. Laterally a pro-

longation of the anterior portion of the parietal curves outward to

meet the postfrontals, and with these bones form the upper anterior

boundary of the supratemporal fossa. Similarly the postero-lateral

border turns outward, joining the squamosal with which it bounds

posteriorly the upper opening of the fossa. Ventrally it encloses the

upper portion of the supraoccipital. In the skull of G. medius, No.

1880, Yale Museum, the parietal has a transverse width of 51 mm. at

its middle. There is no parietal (pineal) foramen in Camptosaurus:

Squamosal. —The following description of the squamosal of Camp-
tosaurits, found among Professor Marsh's unpublished notes, is

based on the left element of C. niedius, No. 1880, Yale Museum.

The squamosal fits very snugly on the head of the quadrate, and probably

excludes the quadrate entirely from touching the paraoccipital process as in

Splicnodon. In position it is most nearly related to that of Iguana. It has four

distinct processes. The postfrontal process is very thin, flat, and arched out-

ward above. The sutural surface is rather more than 11 inches in length,

reaching to within a half inch of the tip of the quadrate. The head of the

quadrate fits closely into a pit on the under surface. A slender process runs

downward along the anterior exterior border of the quadrate containing the

articulation for a third of the entire length. This corresponds in position to

the same process on Sphenodon that runs down to articulate with the quadra-

tojugal. In the present case it is much more slender and probably does not

reach that bone.

The parietal process extends inward along the dorsal border of the

paraoccipital process to meet the outward-turned process of the parie-

tal, the two forming the upper posterior border of the supratemporal

fossa as in Stegosaurus.

Frontals. —Viewed from above the paired frontals are irregularly

five-sided bones, longer than wide, with a flattened, smooth dorsal

surface. Posteriorly they unite with the parietal and postfrontals,

and externally with the post- and prefrontals. The postfrontal bor-

der is convex instead of concave and extends anteriorly much farther

than as first indicated by Marsh. The prefrontal border extends

diagonally from the external border to the middle of the anterior

end. A short, smooth surface between the anterior and posterior

«Phil. Trans. Royal Soc. London, CLXXIII, 18S2, p. 1037.
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extremities of the post- and prefrontals on the external border con-

tributes to the inner boundary of the supraorbital fossa, but to no

such extent as shown in Plate 53, fig. 2, in "Dinosaurs of North

America." The orbital surface is large and concave antero-pos-

teriorly in Cat. No. 5473, U.S.N.M., being separated from that of the

opposite side b}^ an intermediate space of 30 mm. The internal

median ventral surface is separated from the orbital surface by an

irregular, longitudinal ridge. This internal surface constitutes the

roof of the anterior part of the brain case for the reception of the

olfactory lobes.

Post frontal. —The postfrontal is a three-rayed bone, and resembles

that of the Monitor most nearly, but its union is chiefly with the

frontals. One short, heavy ray articulates with the postero-external

angle of the frontal and forms part of the anterior boundary of the

supratemporal fossa. A slender, posteriorly directed ray articulates

by a long, lapping suture with the anterior branch of the squamosal

pnd with that bone completes the upper temporal bar which forms the

outer boundary of the supratemporal fossa. The third ray, the long-

est of the three, unites by its strong descending process with the jugal

and thus forms the posterior border of the orbit. This process below

is trihedral in cross section.

Prefrontal. —The presence of a prefrontal is plainly indicated in

two specimens in Yale Museum, Nos. 1880 and 1887. It is the lower

external surface of this bone which gives the main support to the

supraorbital and its posterior outer border forms a part of the inter-

nal boundary of the supraorbital fossa. This element, as preserved

in the above specimens, is too mutilated for detailed description.

Quadrate. —I quote the following description from Professor

Marsh's unpublished notes, kindlj^ placed at my disposal by Prof.

R. S. Lull, of Yale University Museum

:

The quadnite resembles most nearly that of Iguana Ijut more slender. From
the side the posterior border is concave and above the middle is rather thin.

The posterior " hamalar " process of the head is quite thin. The surface for

the pterygoid is larjre and hollowed and formed by thin bone. The articulation

for the jaw is rectangular in outline and but slightly convex. From the front

it is concave transversely throughout its whole length, deeply above, more
shallow below.

Plate 9, fig. 2, shows the long, finger-like process of the pterygoid

which extends backward and laps along a thin, forwardly directed

process on the inner surface of the lower part of the quadrate. The
quadrate in the skull of C inedius, No. 1880, Yale Museum, is 115

mm. in length. The external view of this bone is well shown in fig.

2, qu. In Camptosaurus the quadrate is more curved and lighter than

the corresponding element in Iguanodon.

Quadrato'jugal. —The presence of this element is plainly indicated

in specimen No. 1887, Yale University Museum (see Plate 8, q}).
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It is a thin, siibtriangular plate of bone which meets the jugal an-

teriorly by a curved but nearly vertical suture. The greater portion

of this bone overlaps the median external surface of the quadrate.

It is entirely excluded from the boundary of the infratemporal fossa

by an ascending branch of the jugal.

Jugal. —The jugal is rather a wide bar posteriorly and is con-

nected above Avith the descending process of the post frontal and by an

ascending process posteriorly with the quadratojugal and quadrate.

It is not certainly known that this process reached the descending

process of the squamosal as indicated in the restored skull*. A
curved, forwardly directed continuation of the jugal completes the

lower boundary of the orbital opening, and undoubtedly articulates

with the lachrymal, although this point could not be determined from
actual observation. The above description is of the left jugal of

No. 1887, Yale Museum.
Nasals. —The nasals are very large, subtriangular bones, which

form a considerable part of the upper surface of the skull. They
unite posteriorly with the frontals and ]3refrontals and laterally with

the iDosterior process of the premaxillse, and slightly with the pre-

frontal. Their concave anterior ends form most of the posterior

boundary of the external nares. They terminate anteriorly on the

median line as two points which meet the superior and posteriorly

directed processes of the premaxillse. In skull No. 1887, Yale

Museum (see Plate 7), the suture separating the nasals is distinctly

shown anteriorly.

Lachrymals. —The lachrymals are thin plates of bone w^edged in

between the maxilla, premaxilla, jugal, and prefrontal. The}^ may
have been slightly overlapped by the supraorbitals. Thej^ form part

of the anterior boundary of the orbits. These bones were found

in situ in specimen No. 1887, Yale University Museum (see Plate 7, I.).

Sufraorhital. —The supraorbital has an expanded proximal articu-

lar end. Posteriorly it tapers rapidly to a small, nearly round ex-

tremity which remains free as in Iguana. The proximal end is

roughened and deeply cleft, forming two surfaces which meet in the

middle at an obtuse angle. When in position these faces are opposed

to the lateral surfaces of the prefrontal and lachrymal ( ?), as shown
in Plate 7. It forms the external boundary of the supraorbital fossa,

as in Iguanodon hernissttrtensls. There is no indication of a posterior

supraorbital in Camptosaurus as found in Iguanodon. In No. 1880,

Yale Museum, the widest part of the supraorbital fossa was 14 mm.
between the posterior end of the supraorbital and the exterior border

of the frontal. Marsh's drawing of this region of the skull appears

to be erroneous, as will be noticed by an examination of the recon-

structed skull of Ganbptosavms medius, in the Sixteenth Annual
Report of the U. S. Geological Survey, Part II, Plate 53, figs. 1 and^,

the fossa being too large, and incorrectly designated as orbit.
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PremaxiUary. —Two specimens, Nos. 1880 and 1887, Yale Museum,

have the premaxillae preserved, and the following description is

based upon their study

:

In Camptosaunis the premaxillse are edentulous. The dentigerous

surface anteriorly is expanded transversely, but posteriorly it con-

tracts and sends backward and upward a thin, flat process which is

intercalated between the maxillary and nasal. The posterior termina-

tion appears to reach the prefrontal and has been so indicated in the

restoration shown in fig. 2. I am inclined to believe it did not ex-

tend quite so far posteriorly as Marsh has indicated in his recon-

struction of the skull.

A regidarly curved subtriangular process rises from the antero-

superior surface and forms the upper boundary of the narial orifice.

Medially it is closely applied to its fellow of the opposite side but

not ankylosed. Thickened below, it gradually tapers upward to a

point which meets the anterior extremity of the nasal at the summit

of the external nares. The external surface of this process is very

rugose and, like the rostral

^,-'''',.'-'' bone of TriceratopSj was

doubtless covered with a

horny sheath which opposed

a like covering over the

predentary. At the base of

this superior process is an
Fig. G.—Outline of left ruEMAxiLLARv of ^,^„i 4!„„„,„„„ /^^^ G~ a f\„ ,, ,., ioD« oval loramen (see tig. b, / ),Camptosaurus medius Maush. No. 1880,

_ _

^ & 5 //?

Yale Museum ; 1 nat. size. Holotype. a, wllicll pierces the bone, and

^'''ir.'r.TT;^™'''''''''""'''^'^''^'''^''^' appears on the ventral sur-
P, POSTEKIOU END. i ^

face. The left premaxil-

'ary of No. 1880, Yale Museum, has a dentigerous surface 51 mm.
in length. The greatest w^idth of the expanded ends of the premax-

illae in this specimen is 41 mm. On either side of the median junc-

tion of the anterior ends are small rounded protuberances, separated

medially by a shallow cleft.

The principal characters of the premaxillary are well shown in

Plate 7, fig. 1.

The maxUlary. —As shown in fig. 7, the general outline of the

maxillary is that of an irregular triangle. Dorsally it develops a

slender, backwardly directed process which, in No. 1886, Yale Mu-
seum, rises to a height of 59 mm. above the external dentigerous

margin. From the posterior base of this ascending process, the

upper border gradually descends to 20 mm. above the last tooth.

Throughout nearly the whole length of the external surface, some

10 to 12 mm. above the border, the maxilla is pierced by a series of

foramina. None of these, however, lead into the dental chamber but

are received in a large, elongate cavity situated at the base of the
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dorsal process between the thin inner and onter walls, and Avhich

opens posteriorly. The foramina, in passing through the outer wall,

are directed obliquely backward and appear to leave the maxillary

posteriorly throngh a conunon channel or groove on the superior

surface of the inner shelf-like projection of this part of the bone.

This is well shown in the left maxillary of Cat. No. 5818, U.S.N.M.

Thev probably transmitted the nerves and blood vessels leading to the

lips. Above this row are still other irregularly placed foramina as

shown in fig. T. The slightly concave dentigerous surface in No.

]8S() has alveoli for 16 teeth. In advance of the most anterior tooth a

thin, flattened process is sent forward which underlies the posterior

ascending process of the premaxillary. Viewed from above the maxil-

lary remains about the same width throughont the median part, but

the inner border of the posterior end is diagonally truncated. On
the internal side just above the tooth row is another series of

foramina Avhicli probably transmitted nerves and nourishment to the

teeth.

4^

FlO. 7. LATERAIi VIEW OF LEFT JIAXILLARY OF CAMPTOSAURIIS. NO. 188G, YALE MuSEtTM.

J NAT. SIZE.

The exact relationships of the maxillary to the surrounding ele-

ments can not be determined further than what is shown in fig. "2.

EXTERNAL OPENINGS IN THE SKULL.

Foramen Tnagnum. —The foramen magnum is large as compared

with the size of the brain cavity, suboval in outline, being wider above

than below, the longer diameter being vertical. It is bounded below

by the basioccipital, on either side by the exoccipitals, and above by

the supraoccipital (see fig. 4, fm.).

Sujjratemporal fossce.—'Th^ supratemporal fossae are situated one

on either side of the parietals. The}^ are bounded anteriorly by the

postfrontals and parietals; internally by the parietals; posteriorly

by parietals and squamosals; externally by the squamosals and a pos-

terior prolongation of the postfrontals. These openings are propor-

tionately much larger and more elongate than in Stegosaurus.

Hapraorlntnl fossa. —The supraorbital fossa is bounded anteriorly

by the prefrontal and supraorbital
;

posteriorly by the postfrontal

;
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externally by the inner surface of the supraorbital. It is not cer-

tainly known Avhether the external border was entirely closed by the

development of a j^ost-supraorbital as found in Iguanodon hernissar-

tensis. So far as I am aware, Camptosaurus is the only American
dinosaur having such a fossa. When skulls of Laosaurus and
Dryosaiirus are known, similar openings wall probably be found.

I nf ratemporal fossa. —The infratemporal fossa is bounded above

by the posterior branch of the postfrontal; behind by the descending

process of the squamosal and ascending process of the jugal ; below

by the jugal, and in front by the ascending and descending process

of the jugal and postfrontal, respectively. Proportionately this fossa

has no such development as is found in Iguanodon., where it is greatly

elongated dorso-ventrally.

There are no jjreorbital fossae.

Orhltal carities. —As indicated by the extent of the orbital surfaces

on the postfrontals of Cat. No. 5473, U.S.N.M., these cavities must
have been of good size. Their exact contours, however, are somewhat
problematical, as none of the cranii studied have the boundaries of

the orbits intact, but, as interpreted, the reconstructed skull (see o,

fig. 2), which was drawn after a careful study of all available

material, is believed to be a fairly accurate representation of their

shape and size. They are bounded above on the outer margin by the

supraorbitals and postfrontals; behind by the descending process of

the postfrontals and ascending process of the jugals; below by the

jugals; in front by the jugals, lachrymals, and supraorbitals. There
is no indication of a postorbital in Camptosaurus.

The narial opening. —The narial opening is w^ell shown in No. 1887,

Yale Museum (see Plate 7), after which this region of the figured

skull was drawn. It is of good size, suboval in outline, with its

greatest diameter inclined to the longer axis of the skull, as in

Iguanodon hernissatiensis. Excepting the posterior border, which
is formed by the nasals, the remainder oi the orifice is inclosed

bv the premaxillaries. Anteriorly, the roughened ascending process

of the premaxillaries roof over somewhat the lateral openings.

Lesser foramina. —The well preserved posterior portion of the

skull of Cat. No. 5473, U.S.N.M., shows with unusual clearness the

smaller foramina of this region (see figs. 4 and 5). By a comparison

with the foramina in other reptilian skulls of both fossil and recent

forms, and by examining the relations of the various foramina to

one another, it is believed they have been determined with a consider-

able degree of accuracy.

Beginning with the most posterior, we find on the lower lateral

margin of the exoccipital a pit-like depression, from the bottom of

which two foramina pierce the exoccipital, entering the brain case

just within the external opening of the foramen magnum (see XII,

figs. 2 and 5). In passing through the wall they diverge somewhat,
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their internal openings being 5 mm. apart, the anterior being the

smaller and occupying a more ventral position. It was first thought

that both of these foramina belonged to the hypoglossal, and I find

that Andrews" has so interpreted similarly placed openings in the

skull of Igi/anodon, although he suggests that the spinal accessory

may have occupied one. Hatcher '' considers that in Triceratops the

two posterior foramina transmitted the XII and XI nerves.

I am inclined to the opinion, however, that the second and more

ventrally placed foramen was for a vein, as found in the living

crocodile, the first being the true hypoglossal foramen (see XII,

fig. 5). A few millimeters anterior to the opening for the twelfth

nerve is a third foramen, shown IX and X, fig. 5, which is identified

as the foramen lacerum posterius, through which the pneumogastric,

vagus, and glossopharyngial nerves were transmitted. This foramen

extends forward diagonally through the exoccipital, passing out on

its anterior border into a large foramen (see VIII, fig. 5), between

the exoccipital, opisthotic, and prootic, just before the latter enters

the brain case. Externally the foramen lacerum posterius is sepa-

rated from the foramina posteriorly by a weak vertical ridge, and

anteriorly by a heavier rounded ridge which rises near the base of

the exoccipital and extends diagonally upward and backward, fading

out on the lower border of the paraoccipital process. Six millimeters

anterior to the foramen lacerum posterius is another small foramen

which passes through the antero-external corner of the exoccipital,

and also opens into the large foramen mentioned above. Its function,

however, is unknown.

From the position of the large foramen (VIIT, fig. 5), bounded
principally by the otic bones, I identify it as the internal auditory

meatus, through which the auditory nerve leaves the cranial cavity

and enters the internal ear. This interpretation appears to be

approximated in the long, slit-like internal auditory meatus in

extant Crocodila, which is also bounded by the opisthotic, prootic,

and exoccipital. As in the crocodile, there is no ossified division of

this opening into the fenestrse ovalis and rotunda.

Eight millimeters anterior to the internal auditory meatus, a small

foramen pierces the median part of the prootic which is considered

the exit of the seventh or facical nerve (see VII, fig. 5). Below, a

deep, vertical depression leads up to this foramen from the slit-

like fissure on the lateral border of the basisphenoid through which

the carotid enters the pituitary body.

Huxley " writes that in all higher Vertebrata " the third division

of the trigeminal or fifth nerve always leaves the skull behind the

"Annals and Magazine of Natural History, 6th ser., XIX, 1897, p. 590.

^-Mon. U. S. Geol. Surv., XLIX, 1907, pp. 36, 37, fig. 31.

^Anatomy of Vertebrated Animals, 1872, p. 70.
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center of the alisphenoid and in front of the pro-otic." Following

this definition it locates at once the foramen ovale as the large open-

ing (V, fig. 5) between the union of the alisphenoid and prootic,

which is lai'gely inclosed by the prootic, the alisphenoid forming only

the anterior boundary. In assigning a similarly placed foramen to

the third nerve in a skull of Hypsilopfwdon, Hulke* appears to be

in error.

The determinations of the foramina of this region diiler some-

what from those of Andrews'' for the skull of Iguanodon, due to the

different arrangement of the foramina entering the foramen lacerum

posterius, Iguanodon having both an anterior and posterior branch

instead of being single as in Cmnptosaurus.

The pituitary fossa is deep, extending considerably below the floor

of the median vesicle. Its ventral posterior angles mark the posi-

tions where the internal carotids enter the cavity diagonally from
deep external fissures on the sides of the basisphenoid shown at c,

fig. 5.

None of the skulls studied show the relations of the foramina

anterior to those for the branches of the trigeminal or fifth nerve.

It is unfortunate that there is not a brain case sufficiently complete

from which a cast of the brain cavity might be made, for it would
show at once the great similarity to the brain of Iguanodon as

described by Dr. C. W. Andrews. The ventral surface of the

supraoccipital of Cat. No. 5473, U.S.N.M., if cast would show the

same compressed cerebellum rising high above the hemispheres. This

high dorsal development of the brain appears to be peculiar to

Oani ptosaiirus and Iguanodon^ although there is a suggestion of it

in the brain casts of some of tlie trachodont reptiles.

THK LOWERJAW,

A complete jaw of Camptosaurus is unknown, but a study of well

preserved parts, representing several individuals which supplement

one another, shows that each ramus is formed of seven separate bones,

the two rami being joined anteriorly by a predentary. The arrange-

ment of the bones of the posterior half of the ramus are admirably

shown in No. 1887, Yale Museum (see Plates 8 and 9), and the

description of this region is based principally upon a study of this

specimen.

The dentary. —The dentary which forms the anterior half of the

jaw is the largest of the elements composing it and bears along the

outer part of its dorsal border aveoli for 15 teeth —on the inside

16 can be counted (see 2, fig. 8). Anteriorly it is somewhat com-

« Quart. Journ. Geol. 8oc. London, XXXVI, 1880, p. 4.35.

^Annals and Magazine Natural History, 6th ser., XIX, p. 500.
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pressed transversely Avith a part on the lower border of the anterior

end, which curves in and was united with the dentary of the opposite

side by cartilage only (see .ss, fig. 8). Hulke's description of the an-

terior part of the mandible of Ilyjjs'dophodon as having a '' spout-

like symphysial end"' aptl}'^ describes this region in Camptosaurus.

]*osterior to the symphysial surface the dentary sw^ells somewhat

transverseW, but remains about the same depth throughout the den-

tigerous part, the upper and lower borders being nearly parallel.

The lower border is almost straight, as shown in fig. 8. A short,

blunt process rises from the dorsal surface just posterior to the last

Fig. 8.

—

(1) External view of left dentary, Camptosaurus. No. 1886, Yale Mu-
seum, I NAT. SIZE. C, CORONOIDPROCESS; m, mental foramen ; SI). SURFACE FOR

predentary. (2) Internal view of same, c, coronoid process; mf, mandibular
FORAMEN; SS, SYMPHYSIAL SURFACE.

tooth and gives support on the internal side to the coronoid (see r,

fig. 8).

Just beneath the base of the coronoid process there is a deep cavity

(w/., 2, fig. 8) opening on the infero-internal surface of the den-

tary and extending forward nearly its entire length. This mandi-

bular fossa is present in most reptilian jaws, and in Camptosaur'us

is inclosed principally by the overlapping splenial. Posteriorly the

dentary is in contact with the angular, surangular, and prearticular.

The dentary unites with the predentary by an oblique surface on the
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anterior end, commencing dorsally just anterior to the aveoli of the

most anterior tooth, and terminatino- ventrally in a point above the

lower border of the dentary. A concave ventral surface posterior to

the anterior point or i^rojection on the inward extension of the den-

tary, for cartilaginous union with its fellow of the opposite side, ap-

parently represents a surface for the reception of a posterior branch

of the predentary after that found in Stegosaurus and Triceratops.

On the outer side of the dentary, about 20 mm. below the superior

border, there is a series of foramina that extends the length of the

bone. These doubtless served for the transmission of nerves and
nutrient blood vessels to the lips.

The largest foramen on the external surface near the lower anterior

end of the dentary at ?n, 1, fig. 8, probably represents the mental

foramen through which a branch of the fifth nerve emerges.

The more important characters of the dentary of Camptosaurus

are well show^n in fig. 8, drawn from the left dentary of No, 1886,

Yale Museum.
Surangula7\ —Externally the surangular meets the dentary and

coronoid (?) just posterior to the coronoicl process by a nearly verti-

cal suture, and forms the upper border of the jaw, extending back-

ward and downward to its posterior extremity. Ventrally it unites

for its full length with the superior border of the angular. Its

upper posterior surface is excavated and forms the external part of

the cotylus for the articulation of the quadrate. There is a pro-

nounced external mandibular foramen (see s/, fig. 2) on the outer

median surface just posterior to its union with the dentary, as in

Triceratops prorsus and I guanodon bemissartensis.

Angnlar. —The angular forms the low'er portion of the posterior

third of the ramus, being wider in front than posteriorly. On the

external surface, anteriorly, it is overlapped by a broad, thin, pos-

terior finger-like prolongation of the dentary, as shoAvn in figs. 1 and

2, Plate 8. Dorsally it meets the surangular and prearticular, and

in conjunction Avith these elements, inclosed and held in position the

small, block-like articular. On the anterior internal side it is over-

lapped by a i)osterior prolongation of the splenial. (See Plate 9.)

Articulai'. —The articular is a block-like bone higher than wide,

and, as in many reptiles, when in position was probably the most

posterior element of the mandible. In No. 1887, Yale University

Museum, as shoAvn by fig. 1, Plate 9, the articular has been crowded

up and forward from its normal position in the jaw. It could not be

determined whether there was an anterior prolongation of this bone

lying between the prearticular and supra-angular, as this region is

still enveloped in a hard sandstone matrix.

Prcarticnlar. —In specimen No. 1887, Yale Museum, there was

found to be an extra element on the postero-internal side of the
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ramus, which, from its position, I have identified as the prearticular.

jMarsh considered tliis bone the articular, as is indicated b}^ the abbre-

viation "art." still remaining on the specimen and jilainl}'^ shown in

fig. 1, Plate 0, reproduced here from a photograph. This inter-

pretation, however, leaves the small element on the supero-posterior

l)art of the jaw without designation. That these two bcmes are dis-

tinct elements there can be no (question, as all of the sutures in this

specimen are clearly defined, and, moreover, the posterior part of the

ramus of No. 1880, Yale Museum, shows the articular in position

while the prearticular has been displaced and is missing.

Dollo" considers an element occupying a similar position in the

jaw of I guanodon hemissm'tensis the surangular. I am inclined to

believe that this element represents the prearticular and that the

surangular is on the supero-external part of the posterior end of the

ramus, as in Gamytosaurus^ but which he indicates as the articular.

The pi-esence of an external mandibular foramen occupying rela-

tively the same position as found in the surangular of Camptosaicnis

(see fig. 2, sf) is also suggestive of the correctness of this inter-

pretation.

In Camftomurus the prearticular is an elongate bone lying dorsal

to the supero-internal border of the angular, and extending nearly

if not fully to the posterior termination of the jaw. Anteriorly its

forward extremity is covered by the overlying splenial. Its upper

posterior border is concave and, with the surangular and articular,

forms a cotyloid surface for the quadrate. In comparison wdth the

size of the end of the quadrate this surface is capacious, an arrange-

ment which Avould have permitted of free movement of the jaws

upon the quadrate. On the internal median surface, just before this

element disappears under the splenial, may be seen an elongated oval

foramen, which probably represents the internal mandibular foramen

of most reptiles (see /, Plate 9, fig. 2). I do not know that this

element has been observed before in a member of the orthopodous

dinosaurs, although it is present in most turtles and members of the

Pelycosauria, and it would appear to indicate a primitive arrange-

ment of the elements of the mandible.''

Splenial. —The- splenial is a comparatively thin, flattened bone

applied to the inner surface of the ramus. On the lower posterior

« Dollo, Bull. Bruxelles Mus. Roy. d'Hist. Nat. de Belgique, II, 1883, pi. ix,

fig. 3.

* Wllliston gives au interesting discussion of this element in his description

of Dolicliorhj/nchoiJS (Field Columbian Mus. Pub. No. 73, Geol. Ser., II, No. 1,

1903, pp. 29 to 32). He calls attention to the fact that Baur (Amer. Nat., 1891)

believes that the element usually considered the articular is composed of two

bones in the young Sphenodon and the conditions found in the jaws similar to

those of the Testudinata. Baur assumes these elements to be present in all

reptilian mandibles, but in the adult skull their identity becomes obliterated by

the ankylosis of the suture.
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border it sends back a thin, finger-like process which laps along the

anterior internal surfaces of the angular and prearticular. From
an examination of mutilated specimens it appears there was a long

tapering anterior process which covered over the mandibular fossa

in the dentary, and extended nearly to the anterior symphysisal end.

It met the coronoid by a horizontal suture below the level of the

functional teeth (see fig. 2, Plate 9). The median ventral border

is swollen transversely and extends below the dentary and angular,

and is visible from a lateral
' view of the mandible.

a be Coronoid. —The coronoid

is a small, flattened bone
roughly triangular in outline.

It unites vent rally with the

splenial, dentary, and sur-

angular, and the lower ex-

ternal surface laps along the

internal surface of the short

dorsal process of the dentary,

extending above it and ter-

minating in a compressed,

rounded end. Its general

outline is shown at co., fig. 2,

Plate 9.

Predentary. —The preden-

tary is unknown, but after a

comparison of camptosaurian

remains with those of allied

forms, I am inclined to the

opinion that when found it

will be more after the pat-

tern of Iguanodon than of

Triceratops^ as Marsh has in-

dicated it in the first restora-

tion of the mandible. In the

restoration of the skull (see

fig. 2) , the predentary as drawn is a modification of that of Iguanodon.

The teeth. —The teeth of both upper and lower jaws when unworn

are spatulate with serrated margins. A representative tooth selected

for description from the maxilla measures 38 mm. in length, of which

19 mm. belong to the crown. The root is cylindrical, gradually taper-

ing from the base of the crown to its end. As shown by broken teeth,

there was a large pulp cavity extending well up into the crown. The
outer surface of the upper and the inner surface of the lower teeth are

sculptured by longitudinal ridges passing from the union of the

Fig. 9. —(1) Tenth upper tooth; (2) fifth
LOWEK tooth of Camptosaurus medius
Marsh. No. 1880, Yale Museum. Holo-
type. Nat. size, a, outer view ; h, view
OF POSTERIORBORDER; C, INNER VIEW. AfTEE
Marsh.
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crown and root to the upper border of the former. Every tooth

shows one pronounced longitudinal ridge, which is always, whether

it be upper or low^er, posterior to the median line, having on each

side a varying number of secondary ridges (fig. 9). There are more

of the secondary anterior to the main ridge than there are posterior.

The secondary ridges are also more numerous and stronger in teeth

of the upper than in those of the lower jaw, a character which serves

to distinguish detached teeth. Man}^ of these ridges subside before

reaching the base of the crown ; none are serrated as is the case in

the teeth of Igvanodon. The teeth at either end of the dental series,

whether it be upper or lower, are slightly smaller than those inter-

mediate. The contour of the larger teeth appears to be less angular

than the smaller. Both upper and lower teeth are curved longi-

tudinally, this curvature inclining the crowns of the upper teeth

inward to meet those of the lower jaw% Avhich are similarly inclined

outward. Nearly all crowns which project fully above the level

of the outer bor-

der of the alveolar

process show^narks

of wear, being ob-

liquely g r o u n d

.

The ridged surface,

liaving thick en-

amel, stands longer

and forms a cut-

ling edge, which at

first is serrated, but

later becomes sin-

uous as the loniri-

FiG. 10.

—

Internal view of right dextary, Camptosaukus
DiSPAR? MAR.sn. Cat. No. 5S10, U.S.N.M. I nat. .size.

a, anterior end ; h, dextary
; i), posterior end.

tudinal ridges become cross sectioned. The inner surfaces of the

crowns are smooth, gently convex antero-posteriorly, and unsculp-

tured, the terminal marginal serration showang slightly upon it.

When much worn these spatulate teeth are reduced to flattened stumps,

as shown in the figures. Hulke" says of the teeth of Ilyfsilopliodon:
" By the time the crown is worn to the level of the aveolar border of

the jaw, the tapering cylindroid root has been absorbed, so that a very

slight force w^ould suffice to detach the remnant in this condition."

In Camytomurus^ however, they appear to be forced out before the

absorption of the root, as will be seen by an examination of figs. 8

and 10.

The arrangement of the teeth in a longitudinal and vertical series

is well shown in figs. 8 and 10. Successional teeth in the dentary are

seen below and betw^een those of the functional row. In the maxilla3

these teeth descend as usual on the inner side of those in use. Thus,
in the upper jaw they replace on the unsculptured and in the lower

"Phil. Trans. Roy, Soc. London, CLXXIII, 1882, p. 1042.
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on the sculptured sides of the functional teeth. There appears to be

only two teeth in a single vertical series. In the dentary of Cat. No.

5819, U.S.N.M. (see fig. 10), four phases of the successional teeth are

shown, (1) stumps about to be shed, (2) teeth whose crowns are iij

full Avear, (3) germ crowns which have only partly emerged and not

yet in use, (4) tips of germ crowns just appearing above the inner

l^arapet.

The dentary, as shown by several individuals, bears from 14 to 16

teeth, and the maxillary probably an equal number. As shown in

figs. 8 and 10, the teeth apj^ear to rise as two or more oblique rows,

those posterior being the higher in each row. None of the jaws

studied show the regular arrangement of the teeth found in Igxano-

don., as figured by Dollo."

All of the maxillse and dentaries examined show a great irregu-

larity of the functional row as exhibited in figs. 7, 8, and 10.

Nicholson and Lydekker ^ were the first to point out that the teeth

of Camjjtosaurus " were somewhat similar in their structure to those

of I guanodon^'' but by most authorities they are considered simpler

in their sculpturing.

Ilyold. —That there is a well-developed hyoid in Gamptosaurus

is shown by specimen No. 1887, Yale Museum (see A, fig. 2, Plate 9),

which has the thyrohA'al of the left side preserved nearl}^ in situ.

It is an irregularly rounded curved bar with a slightly expanded,

rounded, anterior extremity. Posteriorly it gradually tapers to a

small, smooth, round end. Marsh '' has called attention to the re-

semblance of this element to the hyoid in Igi((niod(>)t.

The principal measurements of this element of a very large indi-

vidual are as follows

:

mm.
Greatest length 152

Greatest width of anterior end 18

Greatest width of posterior end 7

THE VERTEBRAL COLUMN.

As nearly as can be determined, the vertebral foriiiula of Camp-
tosmirus is as follows: Cervicals, 9; dorsals, 16? ; sacrals, 4 or 5; cau-

dals, 44-}-. There are no true lumbars.

In giving the formula as above, the cervicals may be considered

absolutely determined, as shown by complete necks in four dif-

ferent individuals. Specimens Cat. Nos. 4282 and 2210, U.S.N.M.,

agree in having 16 dorsals, the most posterior of which is

modified to give some support to the first sacral rib, and should

properly be considered a sacro-dorsal. I have considered as sacrals

" Bull. Briixelles Miis. Roy. d'Hist. Nat. de Belgique, II, 1883, pi. ix, tig, 3.

* Manual of Paleontology, p. 1159.

''Aiuer. Journ. Sci., XLVII, 1894, p. 246.
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only those vertebrap which support sacral ribs, and this interpreta-

tion does not include all of those sutured b}^ their centra in adult

individuals, as will be discussed later. In the two specimens re-

ferred to above, there are preserved 38 and 34 caudals respectively,

and I have estimated that probably nine or more would be required

to complete the series. In regard to the caudal series in Campto-

isairrus, it appears to agree approximately Avith the number found

in complete specimens of Iguanodon, which varies from 40 to 48.

The atlas. —The atlas is composed of four separate pieces, the in-

tercentrum, two neural arches or neuracentra, and the odontoid

l)rocess. The intercentriun is a subcrescentic block of bone, the longer

axis being transverse. Viewed from above, the median surface is

concave, forming a hollow in which the anterior rounded portion of

the odontoid rests. The anterior part of this concave surface is more

deeply excavated, forming a shallow, transverse groove in which a

corresponding ridge on the antero-inferior surface of the odontoid

fits. On either side of the median depression are the articular faces

which look upward and outward, and on which the pedicles of

the neuracentra I'est. The posterior view presents a nearly vertical

face, rounded only on the median inferior border. Inferiorly and

on either side are well developed facets for the articulation of the

cervical ribs of the atlas. The anterior face superiorly is deeply ex-

cavated, forming the lower portion of the cup for the reception of

the occipital condyle, the anterior border being lip-like where it

underlaps the articular surface of the condyle.

Xone of the specimens studied has the upper expanded ends of the

neuracentra complete. The articular end is about evenly divided into

two faces which meet at an obtuse angle. The posterior face rests

upon the intercentrum, while the other looks forward and downward

and forms part of the cup for the occipital condyle. Above the

articular end just described, the shaft is constricted, but superior to

this neck it widens again, but as to its further extent the available

material shows this part to be lacking. As in other dinosaurs, the

neuracentra articulate posteriorly with the anterior zygapopyses of

the axis.

The odontoid is slightly cupped posteriorly, and though closely

applied to the axis, shows no indication of coalescence in any of the

specimens studied. The upper surface forms the floor of the neural

canal and is slightly concave transversely. The anterior half of the

odontoid is slightly constricted, forming a short neck (see 1, fig.

11). Inferiorly the surface is rounded, the posterior half having

a smooth, transversely rounded articular 'surf ace which is in contact

with the upper concave surface of the intercentrum. The smooth

anterior end is rounded both vertically and horizontallj^ wdiere it

abuts against the posterior end of the occipital condyle. In passing,

Proc. N. M. xxxvi— 09 15
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it may be of interest to note that the atlas of Stegosau7'us is, in

nearly all respects, very similar.

zyg.

p- T-HQ

-P

Measurements of atlas, Speeimen Cat. No. 5.'i73, U.S.N.M.
mm.

Greatest length of iuterceutrum antero-posteriorly 23

Greatest width of intercentrum 58

The axis. —The axis of specimen Cat. No. 5i73, U.S.N.M., as

preserved is fairly complete, and it is upon this that the following

detailed description is based, although muny of the facts are sup-

plied from the incomplete axes of Cat. Nos. 2210 and 5474, U.S.N.M.,

and 1877, the holotype of C. dispar, in the Yale University Museum.

The centrum is plano-concave, the cup being moderately deep.

Medially the centrum is constricted both laterally and inferiorly but

without ventral keel. The anterior extremity is more expanded later-

ally than the posterior, the width of the former exceeding the total

leng-th, as shown in fig. 12. On
2 the lateral median surfaces are

two small vascular foramina.

These are not present, however,

in the axis of Cat. No. 5474,

U.S.N.M., but are represented

by shallow cavities or depres-

sions.

The neural arch is composed

of two parallel plates of bone,

which, as they rise from the

centrum, gradually converge,

uniting above and forming a

s h a r p median longitudinal

crest. Transversely the neural

spine is compressed, but it extends out over the centrum at either

end, more especially the posterior (see fig. 11). This portion of the

spinous process rises somewhat and flares out into a comparatively

thin frill-like plate which overhangs the centrum of the succeeding

vertebra. Posterior zygapophyses, which look downward and out-

ward, are well developed on the lower borders of the overhanging

part. The anterior prolongation of the spinous process is hardly

more than an anterior development of the median crest. xVlthougli it

appears that the anterior zygapophyses were probably present, this

part of the bone in all of the specimens studied is damaged, and their

shape and position could not be determined.

A weak diapophysial process which extends outward and down-
ward (see p, fig. 11), is developed on the median, infero-lateral sur-

o

ax. in

Fig. 11. —(1) Axis and portion op atlas of
CAJirTOSAUuus DisPAu Maksh. Cat. No.

5473, U.S.N.M., side view, \ nat. size ;

(2) POSTERIOIt VIEW OF SAME; aX. in, SEC-

OND INTEKCENTUUM; UC, NEURAL CANAL; O,

ODONTOID
; p, DIAPOPHYSES; p. Zyg , POST-

ZYG.\POPHYSES ; &, NEURALSPINE.
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face of the pedicle of the arch. Viewed posteriorly the neural canal

is subelliptical in outline, the longer axis being vertical.

The most striking feature of the axis is the presence of a second

intercentrum firmly co-ossified with the inferior surface of the an-

terior extremity of the centrum. Attention has been called to this

element in a former pajDer " as follows

:

In compai-ins the axis of Morosaurus agilis with the homologous parts of

other Diuosauriau specimens in the V. S. National Museum, the writer found,

on the axes of two individuals of the genus Camptosaurus, intercentra attached

by suture to the centra of the axes. So far as tha writer is aware, this element

has not been observed before in a representative of the Orthopoda. In the

smaller (No. 5474, U.S.N.M.) and probably younger specimen the intercentrum

has been somewhat crushed out of position, but in the larger specimen (No.

5473, TT.S.N.M.) it is retained in place. * * *_

Inferiorly the intercentrum of Camptosaurus is roughly subelliptical in form,

the longer axis being tranverse. It is closely united by

suture to the lower half of the anterior end of the

centrum, forming a prominent lip-like projection which,

when articulated, underlaps somewhat the centrum of

the atlas [see fig. 12]. In a fully adult specimen this

element would probably become coossifled, as in Moro-

murus gramJis, and thus lose its identity. Viewed
from the side, it is triangular in form, the deepest

portion being next to the centrum. The inferior sur-

face is gently convex transversely and slightly concave

antero-posteriorly. Seen from the front, the center has

the greatest vertical depth, the upper margins gradu-

ally sloping down to the lateral borders. The anterior

face is smooth and somewhat concave supero-inferiorlv. ^^^" ^'- Central view
' "'of atlas and axis of

There are two small pits on the median anterior part Camptosauuus dispak
of the inferior surface. The presence of an axis inter- Marsh. Cat. No. 5473,

centrum in both the Opisthocoelia (Sauropoda) and TLS.N.M.
; | nat. size.

„ ^, , ,T^ -,.,.. , „ (it. in, ATLAS intercen-
Orthopoda (Predentata) tends to confirm somewhat t^vm; ax, k^is; ax. in,

the contention of Marsh and Hatcher that the Diuo- second intercentrum ;

sauria is a natural group, and in the examples cited ''^ facets fob rib.

here it should be considered a persistent primitive character which was present

In a remote but common ancestor.

The second intercentrum is also present in the typical skeleton of

Camptosaurus nanus, although not suturally united.

In 1889 Lj^dekker '' called attention to the axis of a dinosaur from
the Wealden of the Isle of Wight, which had an axil intercentrum

attached to it. After comparing it with Marsh's figures of the axis

of Ceratosaurvs nasicornis (holotype, Cat. No. 4735, U.S.N.M.), he
considers the general resemblance so close as to indicate the prob-

ability of its belonging to the same suborder. He says :
" It therefore

seems highly likely that it may be referable to the Wealden species

of Megolosaurus or to a nearly allied form."

" C. W. Gilmore, Proc. U. S. Nat. Mus., XXXII, 1907, p. 164.

^ Quart. Journ. Geol. Soc. London, XLV, 1889, pp. 44, 45.
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After a comparison of Lj^dekker's figures of this specimen (see fig.

13) with the axis of Oamptosaunts, and noting the many similarities

in proportion and position of the processes, together with the presence

of an intercentrnm on both and the absence of a ventral keel on the

centrum of the British specimen, so plainl}^ shown on the axis of

Fig. 13. —Left lateral, ventral, and anterior aspects of the axis of ax Orthopo-
Dus? dinosaur fro.m the Wealden of the Isle of Wight No. R. 141ii British
Museum. 1 nat. size, a, diapophyses : ft, parapopiiyses ; c, second intercentrum ;

(I, articulation fob odontoid process ; e, articulation for intercentrum of atlas.

After Lydekker.

Ce7'atosaiirvs^ I am quite convinced that this axis pertains to one of

the orthopodous dinosaurs rather than to one of the carnivorous

forms. Tt might })ossibly be referred to Camptomurvs ? valdensis

Lvdekker, also from the Wealden of the Isle of AVight.

MeuHnrcincnts of Specimen. Cat. \o. 5)73, U.S.N,M.
mm.

Greatest leufjtli of centrum of axis 55

Greatest width anterior extremity 59

Greatest width posterior extremity 45

The third cervical. —The third cervical may be distinguished by its

plano-concave (platycoelian) centrum and by the fact that if the

planes of the articular surfaces were produced ventrally they would

intersect within a foot below the ventral surface of the centrum (see

Plate 12). In the succeeding cervicals just the opposite condition

is found, that is. the produced planes of their articular ends would

meet dorsally. In the articulated cervicals the u]iward curve of the

posterior cervicals changes with the third vertebra to a forward and

downward direction, thus giving the neck a graceful sigmoid curve

very bird-like in character.

The lateral surface of the centrum is constricted transversely, but

flares out posteriorly. The centrum is more regularlv rounded, the

sides being convex vertically, and it lacks the decided ventral keel

found in the cervicals which follow.
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There is a well-developed capitular process on the side of the

centrum near the anterior end just below the neuro-central suture,

and a weak tubercular process near the middle lateral surface of the

neural process, posterior and below the level of the prezygapophyses.

As in the axis the neural canal is largo, being higher than wide, with

thin walls.

The postzygapophyses are a pair of slender, divergent processes

which extend upward, backward, and outward, their articular faces

looking downward and outward. A low, median crest of bone rises

posterior to the bases of the prezygapophyses and extends posteriorly

to the dividing point of the branches of the zj^gapophyses.

Ce?'vicals posterior to the third. —Marsh has observed:" "The cer-

vical vertebrae are all opisthoccelous." In this he was evidently mis-

taken, as is clearly shown by a study of several individuals which

have the complete cervical region preserved. The axis and third

cervical are always- j)latycoelian. In most individuals, however, the

remaining cervical centra are opisthocoelian, though more strongly so

in the posterior than in the anterior cervicals. In Cat. No 54T4,

U.S.X.M., the cervical centra, comparatively speaking, remain quite

plane throughout the series.

VicAved from the anterior end, the centra are shield-shaped (see 2,

fig. 14). Below the neuro-central suture the sides are deeply pinched

in, forming lateral depressions which are deeper toward the front,

and concave in the longitudinal direction, the articular ends being

exjDanded. Ventrally there is a strong angular keel which widens

at either end, more especially the posterior. The ventral surfaces of

the ends are roughened by coarse, irregular, longitudinal striae. All

of the cervicals have capitular facets on the sides near the anterior

end (see p, fig. 14). In the anterior region the facets are just below

the neuro-central sutures, but in the posterior cervicals, beginning on

the fifth in Cat. No. 5473, U.S.N.M., the suture bisects the facets,

and thus both the centrum and the neural arch contribute to their

formation.

The neurapophyses in all of the cervicals have an extensive attach-

ment to the centrum, spreading out conspicuously at the ends, more

especially the anterior, as shown in fig. 14.

Well-developed diapophyses extend outward from the sides of the

neura- and prez3'gapophyses, shown at d, fig. 14. These gradually in-

crease in length from the third to the ninth. The tubercular facets

on their outer extremities look downward and outw^arcl. The neural

canal remains large throughout the neck, becoming nearlj'^ circular in

the posterior members. The prezygapophyses are wide apart, their

articular faces looking inward and upward. Neural spines are not

»Amer. Journ. Sci.. XVIII, Dec, 1879, p. 501.
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present in the cervicals of Camptosaurus unless the weak, median,
crest-like ridge found on the posterior elements might be interpreted

as such. Dorsally the neural arch consists of a broad, transversely

rounded surface which extends backward and upward, the posterior

termination giving off the divergent branches of the postzyga-

pophyses. The height of the arch gradually increases posteriorly.

Posteriorly just below the junction of the posterior zygapophyses is

a pit-like foramen leading forward into the neural process. While
this foramen is present in all of the cervicals pertaining to Cat. Nos.

4282 and 5474, U.S.N.M., and in the type of C. dhpar, No. 1877,

Yale Museum, they are entirely lacking in the cervical region of Cat.

No. 5473. U.S.N.M.

Fig. 14 (1 and 2) shows the side and front views of the eighth cer-

vical of Cat. No. 4282. U.S.N.M.. which may be considered typical

of the vertebrae of

the i^osterior part of

the neck.

Marsh has given

the united length of

the nine cervical

vertebrse in the liolo-

type of C. (lis par as

565 mm. The com-

plete cervical region

of No. 5473 (see

Plate 12) measures

590 mm. and No. 5474, 440 mm. The principal measurements of the

cervicals of Camptosaurus will be found in table on pages 242 and 243.

Dorsal rertehrw. —As mentioned previousl}^ there are 16 dorsals

present in the vertebral series of both Cat. Nos. 4282 and 2210,

U.S.N.M. It is true, as found, there Avere interruptions in the series,

i. e., not all were found articulated, but after a critical study of the

two columns it appears quite probable that 16 will be found to be

the correct number. It can not be stated definitely from the known
material, but the evidence, at least, points very strongly to the shorten-

ing of the presacral series by at least five vertebrae from the number
given this animal by Professor Marsh in his restoration of Campto-
saurus dispar. (See Plate 18.)

Th£ first dorsal— In specimen Cat. No. 4282, U.S.N.M., the first

dorsal was, fortunately, found interlocked by its zygapophyses with

the last cervical. As mentioned previously, the first dorsal, and

cervicals seven, eight, and nine, were taken up in a single block of

matrix (see Plate 6, original field numbers 76, 83, 78, and 77), and

reached the laboratory occupying their original relative positions. In

Fig. 14. —(1) Eighth ckrvical veutebua of Camptosau-
nus BROWNi. IIOLOTYPE. CAT. No. 4282, T'.S.N.M. ; J

NAR. SIZIO, .SIDE VIEW; (2) ANTERIOR VIEW OP SAME; (l

Zyg. PREZYGAPOPHYSES; d, DIAPOPHYSBS; nc, NEURAL
CANAL; p, PAUAPOPHYSES

; p. Zl/ff, POSTZVGAPOPHYSES; S,

NEURO-CENTRALSUTURE.
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consideration of these facts, there can be no question regarding the

association of these vertebra^.

That the vertebra now under consideration was a dorsal is shown

by the sudden change of the capituhir facet from the anterior lateral

surface of the conti'iini on cervical nine, to a point well up on the

side of the arch beneath the transversely extended process or dia-

pophysis, and by the great development of the transverse process.

The capitular facet is also well developed as compared with the weak

facets of the cervicals anterior to it. This facet is slightly cupped

and subcircular in outline, l^eing somewhat elongated in the vertical

axis.

The length of the centrum of No. 4282 is slightly less than in the

preceding vertebra. There is a pronounced cup on the posterior end

of the centrum, but anteriorly the end is less convex than in the

cervicals preceding, and, as Marsh has pointed out in his description

of the cervical region of Ceratosaurus, could only be inserted a short

distance into the adjoining cuj^. This distance is accurately marked

on the centrum by a narrow^ articular border, just posterior and ex-

ternal to the median flattened anterior face. ^Vllile there are no

lateral cavities in this centrum, the sides are deeply excavated, both

laterally and inferiorly. The inferior surface presents a narrow,

median, longitudinal ridge which widens at either end, more espe-

cially the anterior. The surface of this anterior expansion is rough-

ened with longitudinal stria?.

The neural arch is high and incloses a large, circular neural canal.

The expanded pedicles of the arch are firmly attached to the centrum

by suture. Antero-posteriorly the arch, above its base, is considerably

.shorter than the centrum, the diapophyses rising from the sides of

the arch and extending upward and outward at an angle of 45°, as

.stout, subtriangular processes. The terminations of the diapophyses

are lacking in all available specimens. The anterior zygapophyses

look decidedly inward and slightly upward, and are elliptical in out-

line, with the greatest diameter antero-posteriorly. Connecting the

anterior zygapophyses at their inferior margins is a thick, rounded

shelf of bone which forms the covering of the anterior portion of the

neural canal. From the middle, and somewhat posterior to the an-

terior border of this shelf, a low spinous process is developed, which,

in No. 1877, Yale Museum, has a height of 11 mm. Superiorly its

termination is angularly roinided antero-posteriorly and slightly

thickened transversely. This spine is missing in all of the other

specimens studied. Posterior to the anterior zygapophyses and lat-

eral to the median spine are deep depressions in the top of the proc-

ess. The postzygapophyses are missing on the first dorsal of No.

4282, but are present on that of C. nanus, No. 2210. They extend far

back beyond the posterior end of the centrum, their articular faces
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looking outward and downward. From a posterior view, both verte-

brae show, just above the neural canal, a median pit which extends

forward and downward into the arch.

The second dorsal. —This vertebra differs from the preceding

chiefly by the development of a higher spinous process, more robust

transverse processes, greater length of centrum, and more elevated

position of the capitular facets on the lateral surface of the neura-

pophyses. The distal extremity of the centrum is not so deeply

cupped as in the preceding vertebra, and the anterior extremity is

nearly plane, being only slightly concave dorso-ventrally. In median
cross section the centrum would be wedge-shaped. The subcircular

neural canal is more reduced, and the tubercular rib facet looks

downward and forward.

The third dorsal. —The third dorsal (see fig. 15) may be distin-

guislied from the second by the increased size of the tubercular and

1 2

p-^yg

Pig. 15. —(1) Third doksal vertebra of CAMrxosAURrs browni. IIolottpe. Cat. No.
4282, U.S.N.M. ; \ xat. .size, .side view: (2) anterior view ok same; a. zyp, prezyga-
I'orHY.sEs : (/, DiAPOPiiYSEs ; ij. parapophyse.s : /). ~//r/, postzvgapophyses ; ,9, neural
spine; s', neuro-central suture.

capitular facets, and the more elevated position of the latter. Also
by the more rounded ventral surface of the centrum, which slightly

exceeds the second in length.

Dorsals fovr to fourteen. —The succeeding vertebra^ are so similar

in most respects that they may best be described together. The cen-

tra, allowing for distortion by crushing, gradually increase in length

from the first to the twelfth, which is the longest of the series in No.
4282. They have their articular extremities concave, more especially

on the posterior end, but to a le&s degree than in those vertebra3 an-

terior. The depressions so marked in the sides of the cervical and
anterior dorsal regions below the neuro-central suture, decrease in

approaching the trunk, and from the fourth dorsal to the loins the

sides are approximately fiat vertically, though concave longitudinally,

caused by the expansion of the ends of the centra. There is also a

diminished angularity of the keel so that the vertebrae of the mid-
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dorsal region have rounded ventral surfaces. Posteriorly the centra

gradually increase in bulk.

The elevated neural processes of the anterior dorsal region become
lower posteriorly, while the low, thin, plate-like neural spines gradu-

ally increase in height, with thickened terminal extremities that

reach their maximum development in the sacral region.

The transverse processes, stout and relatively long in the anterior

dorsal region, have a capitular facet on the fourth dorsal, well up
under their front edges, where they spring from the neural arch, and
tubercular facets on their outward extremities (see d and p, fig. 15).

The capitular facet Avithdrawn from the centrum on the first dorsal

reaches the anterior border of the diapophysis in the fourth. Pos-

teriorly the capitular facet gradually moves outward on the anterior

KiG. 10. (1) TlIIKTEENTII DORSALVERTEBRAOF C.V.MPTOSAURUSBROWNI. HOLOTYPE. CaT.
No. 4282, T'.S.N.M.

; J x.\t. size, side view; (2) anterior view of same; «. si/g.

PEEZYGAPOPHVSES; d, DIAPOPHYSIS ; p, PARAPOPHYSI.S ; p. ~y<l, POSTZYGAPOPHY.SIS
; H.

NE0RAL SPINE. FROM .V PHOTOGRAPH.

face of the transverse. Judging from the size of the capitular facet

and the capitulum of the rib pre.'^erved in place, the seventh dorsal

supports the heaviest rib of the series in No. 4282. The transverse

processes are directed backward and somewhat upward from the

horizontal as they leave the neural arches, and from the mid-dorsal

region posteriorly thej^ become more slender and somewhat shorter,

with a decrease in size of the tubercular and capitular facets (see fig.

IG, d and p). The diapophj^ses of the dorsals are supported by
heavy buttresses or lamina Avhich rise obliquely forward to their un-

der surfaces from the lower and back part of the neurapophyses.
They form the outer boundary of deep, three-sided hollows, as shown
in fig. 15. These cavities gradually grow shallower from front to

back. The posterior zygapophyses overhang the end of the centrum.
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this character being especially pronounced in the posterior dorsal

region (see fig. IG). The neural canal remains about the same size

from the fourth to the fourteenth.

77<e fifteenth dorsal. —̂̂This vertebra may be at once d'.stinguished

by its short centrum (see dorsal No. 15, table of measurements, page'

243), Avhich in No. 4282 is cylindrical in outline, with a weak ventral

keel. The articular ends are concave, more especially the posterior.

Antero-posteriorly it is the shortest of the dorsal series. The trans-

verse process is short, wide, and directed outward at right angles to

the neural process. It has weak tubercular and capitular rib-facets,

which show that it carried a double-headed rib.

The sixteenth dorsal or saero-dorsal. —The last dorsal centrum

(sacro-dorsal) is longer and heavier than the one preceding and is the

most robust of the vertebral series of No. 4282 (see sd., fig. IT). The
two articular extremities are slightly concave, the posterior having a

rough, rugose surface. Antero-posteriorly the sides are deeply con-

cave, the inferior surface being pinched together, forming a short,

pronounced median keel which expands transversely at either end.

This vertebra in No. 1877«, paratype of C. dispar (Yale University

Museum), is regularly rounded in this aspect and without ventral

keel. On the supero-posterior angles are roughened, obliquely i:)laced

surfaces which give partial support to the first sacral ribs. The
neuro-central suture is relatively shorter than in the preceding dor-

sals, a groove for the exit of a nerve limiting its extent posteriori}-.

The arch is higher than those immediately in front, and supports a

weak diapophysis without parai)ophysial facet, indicating the pres-

ence of a single-headed rib which may have articulated with a small

articular area on the internal side of the preacetabular process of the

ilium. In No. 4282, the outer extremit}^ of this process is missing, but

it is plainly shown in the typical specimens of C. dispar and C. nanus,

Plate Vi and fig. 39. As shown in fig. 17, the prezygapophyses

are large and look almost directly upward. The spinous process is

missing on this vertebra of No. 4282, but is present in No. 1877a, Yale
Museum (see Plate 13). It is shown as a rectangular plate-like

spine rising high above the diapophysis. The superior termination

is thickened transversely, more especially on the anterior part of this

border, which is heavier than the spine that follows, and, in this

species {C. dispar), jorobably marks the nuiximum development of

the spinous processes. The greatest height of this vertebra, taken at

the center of the centrum, is 330 mm. The spine has a vertical

groove on its posterior border extending nearly to its top. The post-,

zygapophyses overhang considerably the end of the centrum.

The sacrum. —In specimen Cat. No. 4282, U.S.N.M., there are seven

vertebrae imited by a suture in the sacral region. Of this series I liave

considered as sacral only those vertebrae which support true sacral
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libs. This interpretation excludes the anterior and posterior verte-

\)rx, which may he regarded as sacro-dorsal and sacro-caudal, re-

spectively, thus reducing tlie number of sacrals to five, as originally

determined by IMarsh for ('. dispar." Typically, there are five verte-

brae joined by suture, but, as shown in Plate 18, a^ the anterior one

Avould be considered a dorsal. Hence in ('. dhpar there are only four

true sacrals.

Sacrals two and three were found to be firmly coossified (see fig.

17, S.^ and /S'.,), and in this res])ect quite at variance with Professor

Marsh's earlier determinations. In describing the type-specimen of

G. dispar, he says

:

This genus agrees with Laosairnis in one important character, namely, the

sacral vertebra? are not coossified. That this is not merely a character of im-

maturity is shown by some of the other vertebne in the type-specimen, which

have their neural arches so completely united to the centra that the suture is

nearly or quite obliterated. T(» this character of the sacral vertebrse, the name
of the present genus refers.

While the neural arches of the specimen here considered are at-

tached to the centra throughout the column, the, sutures in all in-

stances are plainly discernible. Inasmuch as a second specimen in

the National Museum, Xo. 4753, the holotj^pe of C. depr^essus, has all

of the vertebrae of the sacral region firmly coossified, it would appear

that what Marsh considered a very important character of the genus,

namely, the noncoalescence of the sacral vertebra?, can not be relied

on as being a constant character. Moreover, the union of the other

centra in the sacrum of specimen Xo. 4282 were very close and par-

ticularly strong, and it was with some difficulty that they w^ere sep-

arated for the purpose of study. So firmly are sacrals two and three

coossified that in places the suture is entirelj^ obliterated (see fig. 17).

The first sacral may be distinguished by the great transverse ex-

pansion of the anterior end of the centrum. Both extremities have

roughened sutural surfaces, which unite closely and strongly with

the centra both preceding and following. The anterior face is some-

what angularly convex, while the posterior is slightly concave. The
inferior surface lacks the decided keel of the last or sacro-dorsal and

is more evenly rounded. The neural canal is much expanded, as

shown in fig. 17, S^. The posterior parts of the pedicles of the neural

arch are very thin transversely and comparatively short antero-

posteriorly, being to a limited extent borne on the last dorsal. The
spinous process, as shown in Plate 13, is very similar to that of the

last dorsal described above, but is more anteriorly placed in relation

to the centrum. A long diapophysis extends out over the top of the

first sacral rib, which, in some individuals, is firmly ankylosed to

that bone. In No. 1877r?, however, the suture remains distinct.

"Amer. Journ. Sci., XLVII, 1894, p. 246.
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The centra of sacrals two and three are much compressed trans-

versely, as shown in fig, 17, S., and S.^^, the third being the smallest of

the five. Antero-posteriorly the lateral and ventral surfaces are

deeply concave. The inferior surface of sacral two is somewhat

pinched together inferiorly, Avhile sacral three is broader and flat-

tened in this aspect.

The fourth sacral was firmly united to the fifth, although the

suture is plainly seen. Like those preceding, the sides are concave

antero-posteriorly, though the centrum as a whole is more robust

than either sacrals two or three. Its ventral surface is somewhat

flattened transversely, though concave longitudinally. Unfortunately

only the centrum of the fifth sacral is j^reserved in this specimen. It

differs but little from the fourth sacral, except that the rib or trans-

A'erse process is not borne intervertebrally, as are those preceding, but

is confined wholly to the anterior half of this centrum, Avliich has a

fragment of the articular end still attached, as will be seen by ref-

erence to fig. 17. The centi'uni is also more cylindroid in outliuo

and the floor of the neural canal is much constricted transversely, as

in the fourth of i'. {Iguanodon) prestwichii. The latter observa-

tion is also true of the fourth or last sacral (fifth sacral of Marsh) in

No. 1877<^/, Yale Museum, as is plainly shown in fig. 87, 8. A speci-

men referred to C. nanus, in the xlmerican Museum of Natural His-

tory, which has this region articulated, shows that the ribs or trans-

verse processes of this vertebra reached and gave support to the ilia.

The fourth is the first sacral to show the peculiar peg-and-notch

articulation (see fig. 17), considered by Marsh as characteristic of

the sacral region of Caniptosant'us. He says:"

The vertebrse of the sacrum, especially the posterior four, are joiued to each

iither by a peculiar peg-aud-notcli articulatiou. The floor of the ueural canal

of each vertebra is extended forward into a pointed process (somewhat like an

odontoid process), which fits into a corresponding cavity of the centrum in

front. This arrangement, while permitting some motion between the indi-

vidual vertebme, helps to hold them in place, thus compensating in a measure

for absence of ankylosis.

This articulation may have been present between sacrals two and

three before ankylosis took place, but this can not now be determined.

It is, hoAvever, present between sacrals three and four, four and five,

sacral five and caudal one, and there are also faint indications of the

same method of articulation between caudals one and two, and two

and three (see p, fig. 18).

In this connection it is of interest to know that an examination of

the type-specimens of Laosaurus consors and Dryosavrus altus shows

that both specimens exhibit the same peg-and-notch articulation of

"Arner. Journ. Sci.. XLVII, 1S94, p. 246,
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the sacral centra, although they have been described as being with-

out it."*

The five sacrals give support to five sacral ribs on each side. These
ribs, excepting the fifth, are supported intorvertebrally by rough

sutiiral areas on their superior junctions, the main support being

given by the posterior vertebra of each pair.

The neural processes are either missing or only represented by
detached fragments in C. hroumi, but in order to make the descrip-

tion complete, these will be described froui the holotype of C. nanus,

Cat. No. 2210, U.S.N.M., which has the anterior three unusually

well preserved (see fig. 39). Xs in C. dispar, there are only four

true sacrals in C. nanns.

The neural arch in sacral one is somewhat higher than the last

dorsal, with a much enlarged neural canal. In sacrals one, two, and
three, the arches are contracted antero-posteriorly and expand out-

Avardly into strong buttresses which, with the sutural surface on the

centra, give support to the sacral ribs. This antero-posterior con-

traction of the pedicles leaves vertical, elongate cavities opening into

the enlarged intervertebral chamber of the neural cavity for

the exit of sacral nerves. The arches are united by heavy and closely

fitting zygapophyses. The postzygapophyses are shifted well forward
over the center of the centrum.

The neural spines are flattened plates which, as they rise above

the arch, gradually expand antero-posteriorly, terminating in an end
slightly thickened transversely. The spines remain about the same
height throughout, all being inclined somewhat backward. In this

specimen the sj^ines are distinct and show no indication of fusion,

as is indicated by Marsh's first restoration of this region in C. clispar.

The diapophyses of sacral one, in specimen No. 2210, are consid-

erably modified from the thoracic type. They join with an outward
development of the pedicle, forming a continuous vertical articular

face or buttress, with which the upper portion of the sacral rib ar-

ticulates. The first is the heaviest of the series, and this sacral rib

was undoubtedly the chief support for the ilium. The diapophyses
of sacrals two and three are developed in the same manner, although

lighter in construction.

In the sacrum of Cat. No. 4282, U.S.N.M., sacral ribs one and two
were still in position and completely ankylosed with the vertebra?

(see S7\ fig. 17). These ribs are short, compressed plates with ex-

panded articular ends. Inferiorly the first rib articulates with the

centra of the last dorsal and first sacral, more especially the latter.

Above, the rib has become coossified with the buttress and diapoph-
ysis of sacral one. This broad, vertical plate is directed outward
and somewhat backward. Its outer end is expanded antero-posteri-

"Amer. Journ. Sci., XLVIII, 1894, pp. 88, 89.
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orly and coalesces with the similarly expanded end of the second rib,

thus inclosing a siibcircular sacral foramen (/ and /% iig. 17). If

present, the other ribs would probably repeat this arrangement, and
there would be a row of at least four of these foramani —possibly

five, if the transverse of the first sacro-caudal reaches the intero-

posterior border of the ilium, which I doubt. The outer coalesced

ends of ribs one and two exhibit a wide articular area, looking down-
ward and outward, for articulation with the ilium. Two of these

ribs were found with specimen No. 2210, but both were detached,

although not far removed from their positions in the sacrum. It

would appear from the evidence of these two individuals that in the

young they remain distinct, but in the adult become completely fused

with the sacrum.

After a study of these processes as represented in Camptosaunis, it

is at once apparent that they are derived from centers of ossification

entirely distinct from those which give origin to the centra or their

neurapophyses. Inasmuch as the diapophyses are distinct from the

sacral ribs, as shown in some individuals, there a^^pears no good
reason why, in this group at least, they should not be considered

true ribs, modified to fit the exigencies of their position. The sacro-

dorsal in Camptoscmrus, as in Tricei'htojjs, is considered to be without

parapophyses. The parapophyses of the second sacral, however,

might be considered the articular area on the pedicle of the arch

below the diapophyses, extending down on to the centrum which sup-

jDorts the lower articular portion of the sacral rib. The additional

support given this rib by the posterior area of the first sacral centrum

I should consider as being homologous with the demi-facets found
in the dorsals of certain groups of the mammalia. The fact that a

single-headed rib is borne by the last dorsal shows without question

that the first sacral rib would, as shown previously, pertain to sacral

one.

"V^Tiile Hatcher " has shown the probability of the supports for the

ilia in the Sauropoda being the coalesced dia- and parapophyses, his

arguments do not appear conclusive, and in view of the evidence

here presented I am convinced that in Camptosaunis at least the

existence of true sacral ribs is fully determined.

When the centra are articulated the ventral surface as a whole is

slightly arched, its outline being rendered sinuous by the constriction

of the middle of the centra and the prominence of their terminal

borders. In Camptosaurus, as shown by the sacra considered in the

previous pages, the sacrum is composed of either four or five vertebrae,

which will receive further attention in the present paper when the

several species are discussed.

"Mem. Carnegie Mus., II, No. 1. Nov., 1903, pp. 21, 22.
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The caudal rertehra'. —Thirty-three caudal vertebra^ were found

associated with Cat. No. 4282, U.S.N.M. Their position in the quarry

in relation to one another is clearly shown in Plate G. With the type

of C. 7i<mi(s (Cat. No. 2210, U.S.N.M.) Avere 34 caudals, most of them

still connected by the adhering matrix. After careful consideration

of the evidence presented by the above series, it is estimated that in

Cdjnptosaunis there would be at least 44 caudal vertebra? in the com-

plete tail.

As found, there were interruptions (see Plate 0) in the anterior

series of No. 4282, but upon assembling the scattered parts it is be-

lieved they represent an unbroken string as far back as the sixteenth

caudal. Between the sixteenth (quarry number 208) and the distal

series (beginning with quarry number 235, see quarry map, Plate 6),

it is estimated there are five vertebra? missing.

The above estimate is based not only upon the proportionate ratio

of decrease in size necessary' to fill the gap, but also upon the caudal

series of C. nan us ^ which has this region intact and still connected by

matrix. The terminal caudals are unknown, but the last one of the

series (estimated to be the thirty-eighth, quarry number 234) has a

transverse diameter on the posterior end of 13 mm. It is not likely

there was a series of rod-like caudals, as found in some members of

the Opisthocoelia," but rather that the tail ended more abruptly like

that of Stegosaurus, that is, with a pointed terminal caudal, as shown
by three specimens in the National Museum.

In No. 4282, U.S.N.IM., the first caudal {sc, fig. 17), or, as it

might be better termed, sacro-caudal, is united to the sacrum by

suture, being more securely joined by the peg-and-notch articulation

(see fig. 17). It is considerably shortened antero-posteriorly, and,

viewed from the end, is cylindroid in outline. A heavy subcircular

rib, or transverse {tr, fig. 17), is attached by suture to the neural

process just above the neuro-central suture. The neural canal is con-

tracted to a small, circular passage having a diameter of 15 mm. On
the median ventral surface are tw^o subcircular depressions sepa-

rated by a median longitudinal ridge or keel. The neural arch is

much compressed transversely. The anterior zygapophyses are

placed quite close together, their articular faces being nearly vertical,

while the posterior are j^laced more obliquely and slightly overhang
the end of the centrum. The spinous process of this vertebra is miss-

ing. The second caudal bears the first chevron (see <"/., fig. 18).

Its centrum has a cupped anterior surface, the whole contour of this

end being concave dorso-ventrally. The posterior articulating sur-

face is more rounded, with an oblique ventral surface for the attach-

ment of the chevron. This end is only slightly concave on the

<» J. W. Holland, Mem. Carnegie Mus., II, 1906, p. 2.53.
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upper median face. The lateral surfaces of the centrum are evenly

concave antero-posteriorlj'. The small, circular neural canal extends

down somewhat obliquely from front to back, a peculiarity present

in a few of the succeeding
=^-a^.zyff- vertebra?, and appears to indi-

cate a rapid dropping of the

tail as it leaves the sacrum.

The neural arch is low and

firmly attached to the cen-

trum by broadly expanded

pedicles. The transver.se

processes spring from the

sides of the neural arch just

above the neuro-central su-

ture (see 6-', fig. 18), extend-

ing out at right angles to

the centrum on a level with

the neural canal, not so high

above it as shown in Marsh's

restoration of C (lis par (see

Plate 18).

It has also been determined

from these specimens that

Marsh's rei:)resentation of

this region on Plate 50,

^ Dinosaurs of Xorth Amer-
ica," is in error in the fol-

lowing respects: The neural

arches are too high; the

.spinous processes are too

straight and do not decrease

in height rapidly enough

after leaving the sacrum

;

their bases should show the

antero-expansion of the base

of the spine, and their tops

should be directed at more

of an angle posteriorly. The
spinous process of the .second

caudal rises as a high, thin,

backwardly directed blade

of bone (see .s, fig. 18), ter-

minated by a slightly thickened end, which is gently rounded antero-

posteriorly. There is a prominent widening of the base of the spine

by the development on the anterior margin of a thin septum of bone

which subsides rapidly above. This anterior development of the

a^yg

p^yQ
Fig. 17.

—

Saceuji of CAMPTOSAunr.s muiwNi.

HOLOTi'PE. Cat. No. 4282, U.S.N.M. ; \ nat.

SIZE ; SEEN from ABOVE. fl. Zyg, PREZTGAPO-

PHYSES; (I, DIAPOPHYSIS OF 16tH OK SACRO-

DORSAL; (1', DIAPOPHYSIS OF SACRALONE; f, f'-,

FOKAMIXA BETWEEN THESACRAL RIBS ; p. Zyg.

PO.STZYGAPOPHYSES; S-y, 8n, Ss, *S't, ^5, SACRAL
VERTEBIi-T': ONE TO FIVE. RESPEl'TI VELY ; 8c,

.SACRO-CAUDAL ; 8(1, SACRO-DORSAL; <SY. SACRAL

RIBS ; tr, TRANVERSE PROCESS OF SACEO-
CAITDAL.
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base of the spine becomes less and less pronounced, only n vestige

remaining on the thirteenth caudal.

From the third to the tenth the centra gradually increase in length,

the articular ends also undergo modifications from the vertically

elongated type anteriorly to the compressed medially, and to the

cylindroid of the posterior half, both ends of nearly all of the centra

being slightly concave.

Flattened transverse processes are present on the first twelve ver-

tebrae counting from the sacrum. The third is believed to bear the

longest transverse, behind which they gradually shorten until, on the

thirteenth, there remains only an inconspicuous tubercle. The sup-

1 2

Fig. 18. —(1) Second caudal vertebra of Camptosaukus browni. Holotype. Cat. No.
4282. TT.S.N.M. ; \ xat. size ; side view. (2) Axterior view of same ; a. zuq,

PREZYGAPOPHYSES; Cf , FACET FOE FIRST CHEVRON; p, RUDIMENTARY PEG-LIKE PRO-

JECTION ; p. zyg, postzygapophysis ; s, neural spine ; s', neuro-cbntral suture ; tr,

TRANSVERSEPROCESS.

pression of the transverse process is soon followed by the disappear-

ance of the neuro-central suture, which becomes very indistinct. The
point of attachment of the transverse processes gradually moves
backward from the anterior lateral surface in the proximal caudals to

a po.stero-lateral position in those more distal. As Hatcher « has

pointed out in Haploeayithosaurus, so in Camptosaurus the transverse

processes are derived from centers of ossification distinct from those

which gave origin to either the centra or their spinous processes.

Til is fact may be considered by some as proof that these are not

transverse processes but perhaps might be considered caudal ribs

'^ Mem. Carnej,'ie :\rns., II, 1903, p. 22.

I'loc. X. M. \(>1. xxxvi— 00 K;
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homologous with those of the sacral region. The compressed, blade-

like spines of the anterior caiidals decrease rapidly in both height and

width antero-posteriorly to a compressed, rod-like spine on the eighth.

The spines gradually reduce in size posteriorly, at the same time

becoming more and more depressed until in the smallest and most

posterior they are nearly parallel with the longer axes of the centra

(see fig. 19). As found in No. 42S2, they persist almost to the end

of the tail as small bony rods with compressed ends, without expansion,

which extend well back over the succeeding vertebra.

The anterior zygapophyses gradually lengthen posteriorlj'^ until, in

the distal caudals, as shown in fig. 19, they consist of two slender

finger - like j)roc-

a.zt/g. ^_, >^=^^>-^^.#*>^N-— ;rr —

i

s. esses which ex-

tend forward and

lap along the base

of the neural
spine of the pre-

ceding vertebra.

The posterior
zygapophyses o f

the anterior caudals slightly overhang the ends of the centra but

gradually come to occupy a higher position on the spine, and with

the increased slant of the latter, they overhang considerably. The

zygapophyses also grow smaller until just back of the middle caudal

region there is no well defined articular area, the zygapophyses simply

clasping the base of the spine, as mentioned above.

The anterior vertebrae have oblique facets on both ends of the

centra, but in the distal region there remain only weak facets on the

ventral posterior ends. The anterior chevron facets are the first to

disappear.
Principal measurements of vertebra:

Fig. 19.

—

Postekior caudal vertebra with chevrons (30th

TO 34th, inclusive), Camptosaurus browxi. Holotypb.

Cat. No. 4282, U.S.N. M.
; k nat. size ; side view ; a. zyy.

prezygapophysis ; ch, chevrox ; s, neural spine.

Vertebrfe.

Greatest length of centra.

U.S.N.M.
No. 4282.

Atlas
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rrincipul measurements of vcrtebne —Continued.
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Principal measurements of vertehrw —Contiuiiecl.
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The articular ends of the opposite sides are separate and when in

position unite more especially with the anterior than with the poste-

rior vertebra. The opening between the branches is proportionately

more elon*rate(l, and the free end is thin and expanded into a broad,

knife-like end. The chevron found articulated between quarry num-
bers 2"20 and 221 of the distal series is 52 mm. in length. This would
be the twenty-fourth of the series counting- from the sacrum. The
twenty-eighth is 45 mm. (see ch, fig. 19) in length, and the thirty-

first is only 25 mm. The free end is rounded from the lower margin
of the opening up to the dorsal border, as a thin, sharp keel, well

nhown in eh, fig. 19. In a rudimentary form they appear to have

])ersisted as far back as the thirty-sixth caudal, as indicated by im-

perfectly developed chevron facets on the centra.

THE RFBS.

In Camptosaiirus there are present cervical, dorsal, sacral, and
caudal (?) ribs. Excei3ting the atlas, all of the cervical vertebrae, as

shown by the distinct tubercidar and capitu-

lar facets, bear double-headed ribs.
^'

Cervical ribs. —The capitulum is in all

cases carried on the longer of the two an-

terior branches. This branch, w^hich is com- c-'^

paratively short on the anterior cervical ribs, ''^^^ 'irS^r^.r^^
gradually lengthens posteriorly, being con- tosaueus browxi. holo-

siderably produced on the eighth and ninth ^^g*^ ^^ .^^i ^^^
^~^~'.

of the series (see r, fig. 21). The posterior side view; c, capitulum;

branch terminates as a somewhat rounded. *' '^'^'^^^'^'^u^u^-

pointed end. As shown by the single facets on the jDosterior ventral

surface of the intercentrum of the atlas (see r, fig. 12), it appears to

have carried a single-headed rib, as in the crocodile.

Anterior cervical ribs pertaining to Cat. No. 5473, U.S.N.M., show

the point w^here the two anterior branches unite as a broad rounded

base with very short, pointed posterior branch (see Plate 12).

In Cat. No. 4282, U.S.N.M., the ribs of the eighth and ninth cervicals

were found articulated and in a fairly good state of preservation.

These are thin, flattened bones, without pronounced anterior indenta-

tion. The capitular process is moderately long, with convex articular

end, while the tubercular process is short, heavy, and has a concave

articular end. AVhen articulated their posterior extremities are

directed backward, outward, and downward, somewhat below the

horizontal.

Dor-sal n5s.— -With the exception of the last dorsal, or, better,

sacro-dorsal, all of the other dorsal vertebrae bear double-headed

ribs. The ribs of the anterior portion of the thoracic cavit}^ are con-

siderably curved, esjiecially near their upper extremities. The
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capituliim is borne on a heavy, rounded process, being well separated

from the weaker step-like tnberculum developed on the supero-

posterior border. Posteriorly, however, the capitular facets on the

vertebra^ gradually shift their position nearer to the tubercular facet,

and thus the distance between the capitulum and tnberculum of the

rib is gradually lessened. Fragmentarj^ ribs found articulated with

the dorsals of Cat. No. 4282, U.S.N.M., shows that the seventh

(counting from the last cervical) bears the heaviest rib of the series.

The posterior ribs are more slender, straighter, and shorter than those

anterior.

The sacro-dorsal mentioned above must have borne a short, single-

headed rib, as indicated by the single capitular facet on the other

extremity of the weak transverse process (see fig. 89 and a, Plate

13), but there is no indication of ankylosis of the rib with the end

of the transverse, as Hulkc has found in this region of Hi/p-siJo-

phodon foxii.

The sacral ribs will be found described in connection with the

sacrum on page 287, and the caudal i"ibs. or transverse ]:)rocesses,

with the caudal vertebra\

OSSIFIED TENDONS.

In the matrix surrounding some of the vertebrae of No. 4282 there

are preserved a number of flattened, rod-like ossified tendons. In

this individual they were found as far forward as the eleventh

dorsal, and in the type of C. ncuiHs, on the eighth. These ossifications

are also present in the sacral region, and they undoubtedly occurred

along the spinous 2:)rocesses of the anterior caudals, although from
the condition of the available material this point can not be deter-

mined. The ends are much flattened and divided into a number of

ray-like points. They do not appear to have had any such develop-

ment as found in either Trachodon {Claosaurus) or Trk-eraiops.

These ossifications are shown at ot in fig. 39.

In a paper on Hypsllophodon,'' Baron Nopcsa calls attention to

the presence of ossified tendons along the backbone of that animal,

and he also shows that these ossifications are present in all of the

British preclentate reptiles, with the exception of Scelidosaurus. In

the American members of this group they were first observed by
Marsh'' in Trachodon {Claosavrus) ^ and later in members of the

Ceratopsia by Hatcher.'*

The arrangement of the tendons along the posterior dorsal vertebra?

jind over the sacrum is well represented in Plate 19, where they are

shown as found in the matrix. Their arrangement approximates the

conditions present in I g uanodon bernissartensis as figured by Dollo.^

« Phil. Trans. Roy. Soc. London, CLXXIII. 1882, p. 1047.

''Geological Magazine. May. 1905, pp. 203-208.
c Aiuer. Jonru. Sci., XLIV, Oct. 1892, p. 345.

''Mon. U. S. Geol. Surv., XLIX, 1907, p. 51, fig. 48.

" Bull. Bruxelles Mus. Roy. d'Hist. Xut. de Belgique, II, 1883, pi. v.
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THE SHOULDERGIRDLE.

The scapula and coracoid are the only elements preserved in the

pectoral arch. Nothing representing either a clavicle or a sternal

has j'-et been found, although it appears quite probable, as will be

shown later, that such may have been present, notwithstanding

Marsh's statement that the sternum in Camptosavrus was unossified.

TJu' scapula. —The scapula is a moderately long bone, and when
not flattened by crushing has a decided bow in the shaft which con-

forms closely with the outward curve of the body cavity (see fig. 22),

and which throws the articulated coracoid

well in under the chest. Just above the

heavy, expanded articular end the shaft con-

tracts rapidly, but again gradually expands

antero-posteriorly toward the upper end.

The backward extension of the blade being

the greater, the median external portion of

the hhaft is gently rounded transversely,

while the thin expanded upper extremity of

the blade is quite flat. The upper end termi-

nates as a slightly thickened rounded border.

The anterior border is sinuous and has a

sharp edge, while the posterior is rounded

except in its upper third, which is compara-

tively thin and sharp. The internal sur-

face is smooth and flattened, with a decided

bow from end to end, as mentioned above.

The articular end being expanded both ver-

tically and transversely, is heav}^ and mas-

sive. A prominent ridge is developed on the

loAver outer surface, which contributes to the

formation of the posterior lip of the glenoid

fossa (see ^, fig. 23). On the anterior mar-
gin, above the articulation for the coracoid,

is a strong protuberance with a well-defined

triangular facet, adapted to the support of

a clavicle, if such a bone were present. This feature is clearly shown
in the right scapula of Xo. 5473, U.S.N.M., and is also seen in other

scapula^ in the same collection. A somewhat similar protuberance is

noticed on the scajDula^ of the larger trachodonts. A short but promi-

nent ridge rises on the external face of the projection just described,

but graduall}^ subsides upon reaching the flattened surface of the

shaft. The articular end presents a thickened, roughened, deeply

pitted sutural articulation for the coracoid, with which it has never

yet been found firmly coossified. Inferiorly and posterior to this

border is a smooth, concave articular surface which, with a similar

surface on the coracoid. forms the glenoid fossa.

Pig. 22.

—

Posterior view
of articulated scapula
AND CORACOID OP CaXIP-

TOSAURUS DISPAR MaKSH.
Cat. No. 5473, U.S.N.M. ;

J NAT. SIZE ; C, CORACOID;

yl, glenoid CAVITY ; s,

SCAPULA. From a photo-
graph.
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On the median internal surface near the border of the articular

end for the coracoid is a narrow, longitudinal groove which passes

outward diagonally to meet the foraminal notch in the coracoid.

Fig. 23.

—

Left scapula op Camptosaurus browni. Holotvpe. Cat. No. 4282, U.S.N.M.

;

I NAT. SIZE ; VIEWEDEXTER^'ALLY ; C, SI'RFACE FOR CORACOID; f/, GLENOID CAVITY. FROM
A PHOTOGKAPH.

This groove is present on all of the scapulae studied, and, so far as

I am aware, is only found in the Dinosauria among the members of

the Camptosauridse and the Laosauridse.

Measurements of Specimen Cat. No. .'f282, U.S.N.M.
mm.

Greatest length of left scapula and coi-acoid 595

Greatest length of scapula 482

Greatest breadth of scapula 175

Least breadth of scapula 03

Greatest expanse of glenoid cavity S.3

The roraroid. —The coracoid is a small subrectangular bone, with

the anterior and inferior borders turned inward, forming a moder-

atelj" deep concave internal surface both

antero-posteriorly and vertically. Externally

,, i the surface is convex in l)otli directions.

(*'

.
' There is a broad notch on the inferior border.

Anterior to this notch the border is thickened

^ \

- '-\ on the antero-infero angle, the siu"face being

^i roughened, more especially the internal, and is

'

^ thus indicative of the presence of cartilagi-

nous attachment of sternal elements. The

border posterior to the notch is especially
Fig. 24.

—

Left coracoiu
,i • i i i i. i-i

• i

OF camptosauris thickened and represents the coracoid com-
BRowNi. noLOTYPE. poneiit of the glenoid fossa (see r, fig. 24).
Cat. No. 4282, U.S.N.M. ; i^ ... *"

,
. ,^

r. ,

\ NAT. SIZE. External The interior suiooth articular part oi the

':Z\%o:::^Tor:i posterior border is separated from the rugose

TicuLATioN WITH scAp- surfacc for union Avith the scapula by a deep,
ULA ; C. BORDEROF GLEN- /. •

, , , 1-1 • T • 1 1

oiD CAVITY. From .1
loraminal notch, which on some individuals

piioTOGRAPn. ig nearly closed. This notch passes through

diagonally, emerging on the postero-internal border, as in Iguanodon.

In none of the specimens examined did it exist as a well-defined
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foramen, as found in other members of the Dinosauria and as indi-

cated b}^ Marsh in his ilhistrations of this element. The superior

border presents a thin, sharp ed^e, while the anterior is more rounded

and roujrhened. with a thickened portion at the antero-supero anole.

Measuycnuiitfi of KiKciincii Cut. A o. ).i,S^, U.ti.S.AL

mm.

(ireatest leiif,'tli of left foracoid _ 115

(ireatest widtjj of left coracoirt-- 15(i

TIIK H)l!i: I.IMI:.

The humerus. —The humerus is comparalivel}- short, being- some-

what expanded at both extremities, more especially the proximal.

Fig. 25.

—

Left humerus of CAMPTOSAunus
BROWNI. IIOLOTYPE. ("AT. NO. 4282,

U.S.N.M. ; 4 NAT. SIZE. Fuont view, d,

DELTOID CKEST. FRO.\r A niOTOClRAPII.

Fig. 26.

—

Left humerus of Camptosaurus
browni. iiolotypk. c.vt. no. 4282,

U.S.N.M. ; \ NAT. SIZE. Back view. /;,

HEAD. From a photograph.

The head is situated in about the middle of the proximal end and is

produced considerably backward beyond the posterior border of the

shaft (see ^, fig. 26). It has a smooth, subspherical, articular sur-

face from which a ridge-like sw^elling passes down into the posterior

surface of the shaft. There is a heavy radial crest developed on

the antero-external border just above the middle of the shaft which

renders the anterior asi^ect of the surface concave. The crest (see <:?,

fig. 25) appears to occupy a lower position on the shaft than it does
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on the humerus of Iguanodon. The shaft is somewhat tM^kted and
planes passed through the longer axes of the articular ends would
cut one another at a slight angle. The outer surface of the radial
crest is roughened for muscular insertion. Below the crest the shaft
is constricted and is subcircular in cross section. The internal border
is regularly curved from end to end, Avhile the external is angularly
convex. The radial and ulnar condyles are Avell defined and posteri-
orly are separated by a broad, shallow depression Avhich -passes some-
what up the shaft of the bone. There is also a shallower depression
between them on the distal anterior surface of the bone. The articu-
lar ends of the humerus are quite rugose in the individual here
described.

Measuremcnis of Specimen, Cat. No. .'/282, U.S.N.M.

mm.
Greatest length of left humerus 3gQ
Greatest width proximal end ^^q
Greatest width dorsal end §2

The ulna.— The ulna is heavy above and but little expanded on
the distal end. Its

length slight^ ex-

ceeds that of the ra-

dius, but is shorter

than the humerus,

differing in the lat-

ter particular from
Trachodon, in Avhich

the ulna exceeds the

humerus in length.

There is the begin-

ning of a massive

olacrenon (see fig.

41), but it extends

but little above the

^t f
,

'
'^"^ "^^^^^F ^^^B articular surface for

MM ilMiil^^ ^^
^^^ the humerus. Viewed

proximally the end
is subtriangular in

outline. The middle
of the shaft in cross

section is elliptical.

The distal end is

somewhat expanded
(see w?, fig. 27), the

greatest diameter be-

ing transverse. The lower internal surface is slightly roughened and
flattened for contact with the gl•oo^od external surface of the distal

Pig. 27.

—

Right radils, ulka, and manus of Camp
tosaurus browni. holotype. cat. no. 4282, u.s.n.m. :

about i nat. size. front view. shows position 01
elements as found in the quarry. i, intermedium

1

* rn, RADIUS
; //, ULNARE; id, ulna. From a photograph
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part of the radius (see fig. 41). The articular ends of this bone are

smoother than the corresponding parts of the humerus.

Measuremcrit.t of Specimen, Cat. No. .i282, U.S.N.M.
mm.

Greatest leugth of left ulna 262

Greatest width proximal end of ulna 75

Greatest width distal end of ulna 62

Radius. —The radius is more slender and somewhat shorter than

the ulna. It is slightly expanded at the extremities, more especially

the proximal end (see /Y^ fig. 27). In cross section the shaft is sub-

circular and continues so for most of its length. On the distal exter-

nal surface of the bone is a longitudinal groove which receives the

roughened border of the distal end of the ulna when articulated.

Viewed from the distal end the extremity is heavy and roughly sub-

crescentic in outline, with an oblique end, the surface of which looks

downward and outward and fits closely to the reverse bevel of the

radiale. This is clearly shown in fig. 27, which represents the fore-

arm and carpus of the right fore limb of C. hrowni. Cat. No. 4282,

U.S.N.M.

Measurements of Specimen, Cat. No. .'f282, U.S.N.M.

mm.

Greatest length of left radius 232

Greatest width of proximal eiad 58

Greatest width of distal end 41

THE FORE FOOT.

In Camptosaurvs there are five digits in the manus, suj^ported by

eight carpalia. The carpus has a simple arrangement, that is, a prox-

imal row of three bones —the radiale, intermedium, and ulnare —and

a distal row of five. The number of phalanges, beginning with the

first digit or pollex, as correctly determined by Marsh, is 2, 3, 3, 3, 2.

The detailed description to follow is based uj^on a fore foot of

Gamptosaurus dispar., Cat. No. 4277, U.S.N.M., from quarry 13,

near Como, Albany County, Wyoming. The foot is complete with

the exception of phalanges one and two of Digit I, and two and three

of Digit IV. The missing parts, with the exception of the ungual

of Digit I, which is unknown, will be described from other feet in

the National Museum. This foot was found articulated in the field

and was so received in the laboratory, and on that account there can

be no question regarding the relative position of its elements. The

form and proportions of the various bones of the manus are well

shown in fig. 28.

The carpus. —In the carpus of the typical specimen of Campto-

saurus dispar.^ No. 1877, Yale Museum, Marsh recogiiized nine carpal

bones, but I am unable to- detect more than eight. Specimens in the
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National Museum also show but eight. It appears that the number

will vary in fully adult individuals, due to the fusion of the smaller

with the larger members.

The proximal row forms two distinct concave surfaces for articu-

lation with the distal ends of the radius and ulna. These articulating

surfaces are clearly defined, as in many of the fore limbs of the

mammalia, an unusual condition as is well known to all who have

attempted to articulate the limb and foot elements of most members

of the Dinosauria. The contour of these opposing articular ends is

distinctly shown in fig. 27. which represents the right fore foot of C.

browni, and is reproduced from a photograph of the specimen as it

was found in the quarry.

The radiale (r)is an irregularly shaped, block-like bone, the most

iTv robust element of the carpus. Its

nvC- 1

proximal end forms the chief sup-

port for the radius, the distal end

articulates with Metacarpal I and

carpalia one, two, and three, and

externally with the internal bor-

der of the intermedium, with

which it is often coossified (see

fig. 27). The union Avith Meta-

carpal I is at an angle of nearly

45° to the main axis of the foot,

and in all of the feet studied,

where these elements were pre-

served, they were found to be

firmly ankjdosed, particularly

along the anterior surfaces, as

will be seen in fig. 28. This digit

was thereby rendered immovable,

which is suggestive of the " spike-like '' digit of the allied Iguanodon.

The intermedium (in) viewed from the front is subtriangular in

outline, the apex pointing toward the lilnare (see in, fig. 28.) Its

dorsal surface articulates with both the radius and ulna, but more

especially with the latter; ventrally it is supported by Metacarpal

III, and a small, irregularly shaped element on the posterior internal

part of this end which probably represents C.j. Although apparently

in position in this foot, in the right fore foot of another specimen

(Cat. Xo. 5473, U.S.N.M.), C3 lies more over the proximal eud of

Metacarpal III, which somewhat confirms its identification. This

element, however, is about equally divided between the intermedium

and radiale.

The ulnare (n) is a cushion-like bone, its transverse being greater

than tlie antero-posterior diameter (see u, figs. 27 and 28). It has a

Fig. 28.

—

Right foue foot, Camptosaurcs
DisPAR Marsh. Cat. No. 4277, U.S.N.M.

;

i NAT. SIZE. Seen fro.m the front.

C-, carpal two ; c*, carpal four ; c^,

carpal five; in, intermedium; mc I,

metacarpal I ; r, radiale ; u, ulnare ;

I TO V, digits one to fivf. Ungual
of first digit restored.
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smooth, concave proximal end forming the chief support of the ulna.

The anterior surface is convex transversely, Avhile the posterior is

concave. It articulates with the intermedium by two facets on either

extremity of the internal border. The intervening border being con-

cave is not in contact with that of the intermedium.

There are five small elements in the distal row of the carpus.

Carpale one is a small ossicle-like bone wedged in between the ends

of Metacarpal I and the radiale on the posterior side. It is not

visible from the front aspect. In the forefoot of specimen No. 5473,

this element was in position but remained as a distinct bone. In No.

4277, however, it is fused wnth both the radiale and Metacarpal I

and is hardly recognizable.

The second carpale in No. 4277 is a small, flattened, rectangular

element which was retained in position on the proximal end of Meta-

carpal II. Its thin, anterior border is visible in fig. 29 between the

radiale and Metacarpale II.

The third carpale is a wedge-shaped element coossified about

equall}^ with the posterior part of the surfaces of the radiale and

intermedium. It articulates slightly with Metacarpal III, and al-

though in other specimens it is visible from a front view of the foot,

in this one it is not.

Carpale five, seen from the front, is a lozenge-shaped element

interposed between the outer distal surface of the ulnare and the

proximal end of INIetacarpal V. Marsh has represented this element

in the foot of C. dispar as contributing to the ulnar surface, but in

the specimen here described, an outer extension excludes it from the

ulnar surface.

The metacarpus. —Metacarpal I is much the shortest element of

the series and in adult individuals is always fused with the radiale.

The inner border of the proximal end rises to the level of the dorsal

surface of the radiale and contributes slightly to the articulating

surface for the radius. The distal end is convex dorso-ventrally

with a pronounced median depression or groove. The short shaft

is angular in cross section, being wider than deep. Fore and aft

on the external lateral margin of the proximal end are two antero-

posteriorly elongated facets Avhicli articulate with corresponding

facets on the internal margin of Metacarpal II.

Metacarpal II is more than twice the length of the preceding

and more slender. The proximal end is subtriangular in outline,

its antero-posterior diameter being the greater. The articular sur-

face of this end is comparatively smooth and gently convex antero-

posteriorly. The shaft is somewhat constricted but expands again

at the distal end, more especially in its transverse diameter. The
external border of the distal end is produced distally below the

internal, which deflects the phalanges of this digit mesially. The
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posterior border is deeply concave transversely, being a continuation

posteriorly of the median depression of this end. The proximal

half of the external lateral surface is concave antero-posteriorly,

forming a depression which receives a rugose convex surface on the

internal lateral surface of Metacarpal III. The distal lateral sur-

faces are quite smooth.

Metacarpal III is the longest and most robust element of the five.

Its proximal end is subtriangular in outline, being longer than wide.

The shaft is constricted and at its smallest part would be subcircular

in cross section. The distal end is expanded both antero-posteriorly

and transversely. Like Metacarpal II this end is convex antero-

posteriorly and concave transversely, although the median depres-

sion is not so pronounced as in Metacarpals I and II. The external

lateral surface of the proximal end is roughened and during the

life of the animal it probably had direct cartilaginous articulation

Avith Metacarpal IV. As mentioned above, the proximal end articu-

lates principally with the intermedium and slightly with carpale

three.

Metacarpal IV is shorter and more slender than Metacarpal II, the

shaft being more rounded. Viewed from above, the proximal end is

subtriangular and has a smooth concave end which articulates closely

with the distal end of carpale four. The distal end is proportionately

less expanded than the preceding metarcarpals, and unlike them

shows no pronounced median depression except on the anterior border.

Metacarpal V is the most slender of the series, although longer

than Metacarpal I. Seen from above the proximal end is triangular

and like Metacarpal IV has a smooth, transversely concave articular

surface for union with carpale five. On the internal lateral surface

near the proximal end is a shallow concave depression which articu-

lates with an outward projection on the ]X)stero-external angle of the

proximal end of Metacarpal IV, forming rather a weak union with

that digit. The shaft is constricted, especially antero-posteriorly,

which gives it a flattened aspect. The distal end is but little ex-

panded, being convex antero-posteriorly, without median depression.

Measurements of metacarpals of Specimen, Cat. No. ^277, U.8.N.M.

Metacarpals. I.
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The internal side is longer than the external. The proximal articular

end is concave supero-inferiorly, with a blunt median keel for articu-

lation Avith the groove on the distal articular surface of Metacarpal I.

The distal end is regularly convex supero-inferiorly and concave

transversely. This description is based on the phalanx of the left

forefoot of C. hroioni. The ungual of Digit T is missing on all of

the feet studied, but in the specimen shown in fig. 29 this element

has been provisionally restored.

The proximal phalanges of Digits II and III are short, stout,

block-like bones. The proximal articular ends are concave supero-

inferiorly, with a median concave depression. The second phalanges

of the above digits are much shortened, with concave proximal and

convex distal ends. The palmar surfaces are flattened and produced

posteriorly into thin sheets which lie under the distal ends of the

proximal phalanges of their respective digits. This posterior exten-

sion is especially pronounced in the second phalanx of Digit IV.

Digits II and III are terminated by relatively large, pointed un-

guals, which were undoubtedly sheathed in horny claws, as indicated

by a pair of lateral grooves on each ungual. The ungual of Digit II

is considerably depressed; the proximal end is subtriangular in out-

line with concave supero-inferior surface. The median dorsal sur-

face is produced posteriorly and overhangs somewhat this articular

end. The proximal end of this ungual of Digit III is higher than

wide and in outline is irregularly rounded. The articular end is more
deeply concave than ungual two. The anterior end is deflected

toward the foot of the opposite side and is sharply pointed. The
proximal phalanx of the fourth digit is much depressed, especially at

the distal end. and expanded transversely at the proximal end. The
articular surface of this end is concave supero-inferiorly with only

a faint indication of a keel on the superior part of the median sur-

face. The palmar surface is flattened. The transverse extent of the

distal end is much less than the proximal. It is convex supero-in-

feriorly with a suggestion of a concave median groove. The second

phalanx of this digit is very short and supports a small, rounded,

hemispherical, terminal phalanx which in life was probably embedded
within the integument of the foot. The proximal end of the latter

is indicated by a concave surface.

The proximal phalanx of Digit V is the most slender of the series.

The upper articular end is about evenly concave in both transverse

and vertical directions and tapers Avithout noticeable constriction

to the distal end, which is convex supero-inferiorly. The terminal

phalanx of this digit is an irregular button-like ossicle.

From the above description and figures of the manus of Campto-
saurus it will be seen that the weight of the body was borne prin-

cipally on the three median digits, and that through disuse the fifth
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was becoming atrophied, '\\liile this has not 3'et resulted in the

elimination of any of the digits, yet the fifth is fast approaching a

fimctionless condition.

2Ieasitfcimnts of ijlidhnifjcs of SiJCciDirn, Cat. No. 'i.ill, V.S.N.M.

Digits.

Greatest length first row of phalanges
Greatest length second row of phalanges.
Greatest length third row of phalanges...

mm.
a 21

mm.
26
24

J'48

III.

mm.
U
26

&50

IV.

mm.
26

a 16
«10

" Measurements of elements of left forefoot of Xo. 4282, is a slightly smaller individual.
^ Estimated, elements incomplete.

THE PELVIS.

The pelvis of Camptosaurus.^ as shown in Plates 15 and 10, is quite

characteristic of the genus. It is composed of the three elements,

the ilium, ischium, find pubis, usually found in the pelvis of the

Fig. 29. —LErx ilium of CAMPTOSAritrs ui.siv.u M.\nsn. Cat. Xo. 5473. U.S.X.M. ; I x.\t.

sizK. External A'iew. End of rrBic rEDixcLE missi.vg. From a rnoTocnAi'ii.

Dinosauria. Tlie long, slender post-pubis, reaching to tlie end of the

equally long shaft of the ischium, is distinctive of this group. With
the exception of the pubis, the parts described below are of specimen

Cat. Xo. 4282, U.S.N.M.

The ilhim. —The ilium is an elongated plate-like bone, resembling

in most of its characteristics the corresponding element of IgiKuiodon.

"Jlie i)reacetabiilar process is long, narrow, and compressed laterally.

The ilia of this specimen lack the anterior termination, but in C.

<Ihpa7\ as shown by the ilium of Cat. No. 5473, U.S.N.M., the end is

sonicAvhat sj^atulate (see fig. 29). This long, slender process extends

forward and outward, overhanging the posterior ribs. The superior

border of the ilium is thickened and rounded transversely, and at the

posterior end descends for a distance of 00 mm., at an oblique angle,

gradually thickening to the point where it reaches the infero-internal

plate. Viewed laterally the ilium has a width of 87 mm. from where

the superior border begins to descend to the border where the inner
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shelf is given off. The acetabuhir arch is bounded anteriorly by a

rather wide but slender pubic peduncle directed downward and for-

ward. The posterior peduncle for the ischium is heavy, broadly
swelled, with two roughened surfaces, more especially the posterior,

which meet at an obtuse angle. The posterior and more inferior one,

which is somewhat cupped, is for the articulation of the ischium.

The roughened anterior surface appears to be for the attachment of

the heavy pads of cartilage and ligaments which bound the pelvic

bones together. Posterior to this process the inferior border is a

sharp edge, which, as it extends backward gradually turns from a

vertical to a nearly horizontal position, with a rounded, thickened,

posterior termination. The upper half of the internal surface is

smooth and gently concave from end to end. On the low^er median
internal surface are roughened cupped depressions, their greatest

extent being vertical, for the articulation of the sacral ribs (see

X, Plate 15). These surfaces are separated by narrow, smooth, con-

cave, nonarticular tracts. A shallow^, roughened longitudinal groove

Fig. 30.

—

Left ilium of Camptosaurus browni. Holotype. Cat. No. 4282, U.S.N.M.

;

I NAT. SIZE. External view. Anterior end of preacetabular process restorel
AFTER THAT OF THE LEFT ILIUM OF NO. 5473 (SEE FiG. 29). FROMA PHOTOGRAPH.

on the thickened internal edge of the shelf -like projection mentioned
above, may be for the reception of the transverse process of the fifth

sacral. The greatest vertical width of the ilium is over the ischiac

peduncle.

The ilium is one of the most characteristic bonas of the skeleton,

and while the description given above shows all of the essential char-

acters of the Camptosaurus ilium, it is found that in other species

there are great differences of contour and proportion.

Measurements of Specimen, Cat. No. Ji282, U.S.N.M.

mm.
Greatest length of left ilium from posterior end to center of preacetabu-

lar notch 392
Greatest width over ischial process 75
Greatest vv^idth from middle of acetabulum 115
Greatest expanse of acetabulum 161

The ischium. —The ischium is larger than the pubis and distally

consists of a slender rod-like shaft which curves downward with an

Proc. N. M. vol. xxxvi— 09 17
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expanded hammer-like end (see la, fig. 31). The distal ends appear

to have been in contact as well as the borders of the lower half of their

shafts. In C. hrowni this bone is lightly constructed, in this respect

approaching the ischia of C. medius. The proximal end has a widely

expanded Y-shaped extremity with two distinct articular faces (see is,

Plate 16), the one for the posterior peduncle of the ilium being the

heavier. Its articular surface is rugose and deeply cupped. The

articular surface for contact with the pubis is borne on a thin, quad-

rilateral plate which extends down-
ward and forward from the main
shaft of the bone, and its upper antero-

l^osterior concave border completes the

acetabular boundary. The straight,

truncated end of this plate is flat and
thickened transversely, and when in

position abuts against an opposing

articular face on the posterior end of

the pubis at about the middle line of

the acetabulum. The lower anterior

border is also thickened and is in con-

tact with a depressed articular sur-

face on top of the postpubis, just pos-

terior to the pubic foramen. Behind,

the expanded head contracts rapidly,

but again widens on the inferior border

into a thin, lip-like, downturned, ob-

turator process, against which the rod-

like shaft of the postpubis rests (see

Plate IG). Below this process the

shaft contracts and continues as a

curved, rod-like shaft to the distal ex-

tremity. The position of the obtura-

tor process, well up toward the articu-

lar end, at once distinguishes the ischium of Cawptosaurns from

Hyosilophodon foxii, which has this process about midway between

the two ends.

Fig. 31. —IsniiA m- (".\mptosaurus

MEDIUS MaKSH. SlPERIOR VIEW.
Yale Museum

; | nat. size. U,

iliac surface ; 1(1, distal ends of
SAME. After Marsh.

Mcasurrmrnlft of Specimen, Cat. No. Ji282, U.S.N.M.
mm.

Greatest length of left iscliium 545

Greatest width of proximal eud 194

Greatest width of distal end ''^

The pubis. —The description to follow is based on the pubis of

C. dispar, No. 1878, Yale Museum, the postpubis from C. medius, No.

1880, Yale Museum (see p' , Plate 16).

As shown in fig. 32, the pubis in Camptosaurus is composed of a

flattened prepubic element and an elongated, curved, slender post-
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pubis. The anterior portion is a thin, flat, vertical Wade of bone,

^Yhen articulated extends forward, downward, and slightly outward.

The superior border is gently concave antero-posteriorly, and near

the proximal end expands transversely into a triangular, roughened

surface for contact with the pubic peduncle of the ilium. The
proximal end is expanded transversely, forming a heavy, concave

end Avhich bounds part of the anterior and inferior borders of the

acetabulum.

The lower part of the proximal end has a rugose surface for con-

tact with the antero-infero projection of the proximal end of the

ischium. On the lower internal border of the proximal end the post-

pubic bar is developed, which extends backward and downward be-

neath and parallel with the ischium, reaching to the end of that bone.

Between the anterior end of the postpubis and the posterior acetabu-

lar surface of the prepubis is a large pubic foramen, which, in some

individuals at least, does not appear to have been entirely closed

posteriorly. While the notch -is closed in three individuals studied,

the union of the two surfaces is not to coalescence, the suture in all

instances being visible.

Posterior to the up-

ward projection of the

superior surface of the

postpubis is a shallow,

roughened depression

which was in contact
. Fig. 32.

—

Left ruBis of Camptosaurus dispar Marsh.
With the lower anterior paratypb. no. is78, yale museum

; a nat. size.

prolono-ation O f t«h e external view, p, pubis ; p', postpubis. After
7 , .

^^ Marsh.
ischium. A cross sec-

tion at the broken end of the postpubis of Cat. No. 4282, U.S.N.M.,
shows it to be subcircular in outline. The distal end is slightly ex-

panded, esi^ecially in the ventral direction. In No. 1880, Yale Mu-
seum, holotype of C. medius, in which this element is complete, the

postpubis is 480 mm. in length. Its distal end is 23 nun. wide in the

vertical direction.

The anterior ends of the pubes do not meet medially.

THE HIND LIMB.

The hind limb and foot in Camptosaurus is about twice the length

of the fore limb and foot and much more robust. The tibia is

slightly shorter than the femur. There are four ossified elements in

the tarsus, the calcaneum and astragulus being distinct.

The femm\ —Unfortunately the femora are lacking in Cat. No.

4282, U.S.N.M., but in a second, larger individual both are present,

and two more, representing as many individuals, were found in the

collection. All are remarkably free from distortion, and in a fine

state of preservation. The description to follow is based upon the

femora of No. 5818 (see fig. 33).
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The femur is the most robust bone of the skeleton. It has a curved

shaft, and is compactly and strongly built throughout. The forward

arctuation of the shaft distinguishes this bone from all other known
American predentate dinosaurs excepting Laosaurus and Dryosau-

TU8. A compressed inner or fourth trochanter (7>, fig. 33) of the

pendant type is developed on the postero-internal margin of the shaft.

Dollo has called attention to this tyjDC of trochanter in Iguanodon

as indicating a powerful caudo-femoral

musculature, as in some birds. In Camp-
fosaufvs, however, it appears more prom-

inently' developed than is found in any of

the European representatives of this group.

The fourth trochanter begins to develop

somewhat above the middle of the shaft,

the apex being directed downward and in-

ward toward the distal end of the bone.

Just anterior. to the trochanter is a shallow

vertical depression with a markedly rugose

surface which extends out on the internal

surface of the trochanter. The head (h,

fig. 33) is well developed and subglobular

in form, and is attached by a short, thick

neck at nearly a right angle to the main

axis of the shaft. The articular surface

of the head is somewhat rugose, and tliis

rugosity is continued along the superior

surface of the greater trochanter to its

external border. A prominent lesser tro-

chanter {a, fig. 33) rises on the antero-

external surface of the upper j^art of the

shaft, nearly to the height of the greater

trochanter, as a transversely compressed

blade. Posteriorly the lesser trochanter

is separated from the shaft by a deep,

narrow cleft. Behind the head is a pro-

nounced groove separated from a second

concave depression on the posterior median

surface of the shaft by a heavy, rounded, longitudinal swelling. The

superior surface' of the greater trochanter (2, fig. 42) is wider and

more gently rounded antero-posteriorly than the head. The distal

end has the usual condyle shape, though the inner condyle {c, fig. 33)

is much more robust than the outer. The two condyles are separated

by a deep, intercondylar groove, wider at the bottom than the top.

Both condyles project decidedly backward. The anterior inter-

condylar groove (2, fig. 42) is wide and of moderate depth, con-

FlG. 33. RiGUT FEMUR OF
CAMPTOSADRUS D I S P a U

Maksh. Cat. No. 5818,

u.s.n.m. ; i nat. size.

Inner view, a, lesser
TROCHANTER; I), INNER TRO-

CHANTER; C, INNER CON-

DYLE ; h, HEAD. From a

PHOTOGRAPH.
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trastiiiij strongly with the deep, narrow, ahnost " tnnnel-.shaped,"

anterior-intercondyhir ^jroove in Trachodoii. The shaft of the femur
appears to be somewhat twisted, due to the alteration of the aspect

of its surfaces, that which at the proximal end is external becoming
at the distal end anterior. There is a small roughened area on the

extero-posterior angle of the distal portion of the shaft for the

attachment of muscles, and just above the beginning of the inter-

condylar depression or groove on the anterior surface is a second

roughened patch. The outer surface of the outer condyle is decidedly

concave, forming a wide, longitudinal depression at the distal end,

in which a large tendon must have passed.

measurements of Specimen, Cat. No. 581S, U.S.N.M.

mm.
Greatest length of right femur 592

Greatest diameter of proximal end 190

Greatest diameter of distal end 178

The flhia. —The tibia in Camptosaiirns

is shorter than the femur, in which respect

it may be distinguished from Laosaurus,

Dryosmirus, and Hypsilophodon fox'ii. It

is constricted medially, but greatly ex-

panded at either extremity, the longer axes

of the expanded ends being at nearly

right angles to one another. The proximal

end of the tibia shows a division of the

articular surface into two condyles, which

project posteriorly, separated by an inter-

condylar groove, the internal one (<", fig.

34) being the heavier. A large enemial

crest (&, fig. 34) projects outward from
the upper end of the shaft in front of the

external condyle.

The distal end is divided into two mal-

leoli, of which the inner is the shorter and

heavier, its articular surface looking down- ^
ward and forward, while the external is

longer and thinner and looks directly

downward. These are separated on the

front surface of the bone by a shallow fig. 34.—right tibia and

groove. As in Trkeratops, the outer mal- t!nnf.f ''nf
"'' J^''™'*= ' ' SAUKUS DISPAR MA R S H.

leolus falls below the superior border of Cat. no. 5818, u.s.n.m.
;

the astragulus. Its flattened anterior sur- ^^ astragulus ; h, TNEmAL
face was in contact with the distal ex- crest; c, inner condyle.

, ., c 1 ni 1 rrn • Prom a photograph.
tremity or the fibula. Ihe posterior sur-

face of the distal end of the tibia is angularly convex transversely.
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Measurements of Specimen, Cat. No. 5818, U.S.N.AI.

mm.
Greatest length of right tibia 531

Greatest diameter of proximal eml 222

Greatest diameter of distal end 90

The fibula. —The fibula of No. 1877, Yale Museum, is a slender

bone, being somewhat shorter than the tibia. It has a flattened shaft

above, which is subcylindrical below, with flattened expanded ex-

tremities. The face of the proximal end which was applied to the

tibia is concave antero-posteriorly, while the outer surface is convex.

The articular surface of this end is nearly straight antero-posteriorly,

but roughened and gently rounded transversely. The expansion of

the upper end takes place more especially toward the anterior border

which overhangs considerably the constricted shaft. As with the

tibia, planes passed through the longer axes of the expanded articular

ends would cut one another at nearly right angles. Internally the

distal extremity is plain and was closely applied to the opposing

flattened surface of the outer anterior face of the tibia. The articular

end is roughened and concave and viewed from below is semicircular

in outline. The shaft has a small medullary cavity. The distal end

articulates closely with the upper surface of the calcaneum.

THE HIND FOOT,

The astragalus. —The astragulus, although closely applied, was
not ankylosed to the tibia, even in adult individuals. Its upper

surface is the counterpart of the inner articular surface of the tibia.

The upper surface (see a, fig. 34) is deeply concave from front

to back and divided by a ridge, which marks out two portions cor-

responding to the inner and part of the outer tibial malleolus. These

two surfaces meet one another at an obtuse angle. The distal sur-

face is convex antero-posteriorly, with a broad, shallow deprassion

medially, making this surface slightly concave transversely. The
anterior margin is a thickened lip. The posterior margin is stout,

and viewed from above, terminates in a heavy, angular, posterior

point. The inner end is comparatively thin and probably non-

articular, although a prominently developed projecting loiob on

the antero-internal angle appears to have been closel}'^ apposed to

the distal inner surface of the fibula. The anterior half of the

external depression of the dorsal surface is nonarticular and did

not come in contact with the tibia, but formed the walls of an open-

ing leading down between this bone and the os calcis. The outward

knob-like projection overlaps the outer surface on the distal part

of the tibia. On the anterior internal surface, just below the supe-

rior border, is an elongated pit.

There is no ascending process on the astragulus of (Uimptosaurus.
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Measurctncnts of specimen, Cat. No. 5818, U.S.N.M.

mm.
Greatest transverse diameter 139

Greatest autero-posterior diameter 95

The cdlcaneum. —Seen from the outside, the calcaneiim is subcres-

centic in outline. The upper surface is divided by a diagonal ridge

into two articular faces. The anterior one, which is above the heavier

enel of the bone, receives the distal end of the fibula. The posterior

articular portion has its surface below the level of the fibular surface

and is deeply concave antero-posteriorly, and receives the outer part

of the tibial malleolus. This portion has the greatest transverse

diameter. The posterior margin is rounded transversely and turns

up as a thickened roiuided lip. The ventral surface is convex from

front to back, the inner border being in contact with the outer edge

of the astragulus. The outer surface vertically is gently concave.

The calcaneum is represented in two individuals in the National

Museum, Cat. Nos. 5473 and 5961, also in the holotype of C. d'lspar.,

No. 1877, Yale Museum, which, being the most complete element,

furnished the following measurements

:

Measurements of Specimen, No. 1877, Yale Museum.
mm.

Greatest extent autero-posteriorly of calcaneum 87

Greatest extent transversely of calcaneum 55

Distal tarsals. —The distal row of tarsals (see t, fig. 35) in Camp-
tosaurus consists of two flattened, cushion-like bones, which remain

distinct, never fused with the metatarsals, as Hulke has suggested

in I g^ianodon.^ and whose separateness would be restricted to the

embryo. The external one, viewed from above^ is subtriangular in

outline. Its proximal surface is shallowly cupped, the narrowed

portion being directed backward. The distal articulating surface

is concave antero-posteriorly and fits closely to the proximal end of

Metatarsal IV, as shown in fig. 35. There are deep longitudinal pit-

like depressions on the anterior and internal surfaces. Both proxi-

mal and distal articulating surfaces are smooth. The tarsal borne

by Metatarsal III is an irregular elliptical shaped bone, somewhat
thinner than the outer. Its distal articulating surface and all of the

surrounding edges are roughened and pitted. This surface is

slightly convex, while the proximal surface is gently concave and
quite smooth except near the edges. In specimen. Cat. No. 4277,

U.S.N.M., these elements have been retained by the matrix in their

mutual relationship with the metatarsals, so there can be no question

concerning their exact position. Even without this positive evidence,

the conformation of their surfaces with the proximal ends of the

metatarsals would have enabled one to place them accurately.
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Measurements of Spceimcn, Cat. No. .'t277, U.S.N.M.
mm.

Greatest transverse diameter of outer tarsal 52

Greatest antero-posterior diameter of outer tarsal 72

Greatest transverse diameter of iuuer tarsal 64

Greatest antei'o-posterior diameter of inuer tarsal 92

The metatarsals. —There were three functional digits in the hind

foot, the first being rudimentary and the fifth wanting. The meta-

tarsals are much longer and heavier than the metacarpals, the third

being the longest.
The proximal ends of

the second, third, and

fourth metatarsals are

in the closest mutual

apposition, their

shafts being closely

applied for about one-

half of their length.

The third and fourth

support the two
cushion-like tarsalia.

The metatarsal of

the first digit is a

short, splint-like, ir-

regularl}^ curved bone,

with a s mo o t h,

rounded proximal end

compressed laterally.

The thickened rugose

distal articular end

looks out obliquely

from the main axis of

the shaft, and sup-

ports two phalanges.

It appears quite as

Marsh has described

it as being rudi-

mentary and probably did not reach the ground. It articulates loosely

with Metatarsal II, lying in a broad, shallow, longitudinal depres-

sion on the inner proximal half of this metatarsal.

The second metatarsal is slightly longer than the fourth, the third

being longest. The proximal end is compressed transversely, but is

much lengthened antero-posteriorly. The face which is applied to the

third is plane, while the outer surface is irregularly concave. The

articular end is gently convex antero-posteriorly, and has a roughly

pitted surface. Just below the middle of the shaft on the antero-

FiG. 35.

—

Right hind foot, Camptosaukus dispar
Marsh. Cat. No. 4277, U.S.N.M.

; 4 n.\t. size. Seen
FROMthe front : t, two tak.sal bo.xes of the distal

row ; I, II, III, IV, FIRST to fourth digits. Unguals
OF digits /, ///, AND IV DRAWNFROM THE FEET OF
other individuals.
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external border a thin lip-like process is developed which laps over

and is closely applied to a roughened surface on the antero-internal

border of the shaft of Metatarsal III. At this point the shaft is

bent outward, which throws the distal part aw^ay from the median

bone. The distal end is stout, and subquadrilateral in outline, ex-

cei3t that it is bisected by a deep, rounded notch on the posterior

border. This end is rounded antero-posteriorly. The pits for the

attachment of lateral ligaments are large and fairly deep. The

proximal end of the third metatarsal is roughly triangular in outline,

the thickened portion being in front. The articular surface is

roughened and slightly concave for the reception of the flattened

tarsale of the distal row. The inner surface of the proximal half

is plane, but below, this border of the shaft is rounded. Viewed

anteriorly the bone remains about the same wndth, being slightly ex-

panded at the distal end. Viewed laterally, however, the shaft con-

tracts rapidly from the proximal toward the distal pulley-like articu-

lar end. The external surface of the proximal end has two oblique

faces, which are opposed by the excavated internal surface of the

fourth metatarsal. The pits for the attachment of lateral ligaments

are large but shallow.

Seen from the proximal end the fourth metatarsal is subtriangular,

the apex being directed outward. The slightly roughened articular

surface in front is concave and receives the distal tarsale closely.

The internal surface of the upper half is roughened and fits closely

to the upper surface of the third metatarsal. The shaft is com-

pressed antero-posteriorly and is wider than thick. As in the second

metatarsal the lower half diverges outwardly and is free from the

median or third metatarsal. The distal end is expanded, more espe-

cially antero-posteriorly than laterally. The distal articular end is

rounded and roughened on the posterior but smooth on the anterior

half. The pits for the lateral ligaments are large, the internal being

shallow, the external very deep. The numbers of the phalanges,

beginning with the first, are 2, 3, 4, 5, and correspond, as Hulke " has

pointed out, to the first, second, third, and fourth toes in the foot of

existing lizards and birds. Ilypsilophodon foxii has the same for-

mula. The proximal phalanges are rather long, with pulley-shaped

distal and concave proximal ends. The phalanges have their articu-

lating ends closely applied to one another. A median rounded verti-

cal ridge on the proximal end fits into a corresponding depression

on the proximal end of another, thus forming a strong union which

would allow but little lateral motion. There are deep, well-defined

lateral pits for the attachment of ligaments on most of the phalanges.

The second, third, and fourth phalanges of Digit IV are considerably

more shortened than the other phalanges. The ungual phalanges

« Phil. Trans. Roy. Soc. London, CLXXIII, 1882, p. 1053.
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are long, pointed, and slightly curved longitudinally and laterally,

being deflected inward. They are somewhat depressed, except the

ungual of Digit I, which is higher than wide, and more sharply

pointed. They were undoubtedly incased in compressed pointed

claws, as indicated by a pair of lateral grooves on each ungual (see

fig. 35). The ungual of the second digit is the more robust of the

series.

Measurements of the right hind foot of Specimen, Cat. No. Ji277, U.S.N.M.

Digits.

Greatest length of metatarsals
Greatest antero-posterior diameter proximal end of metatarsals .

Greatest transverse diameter of proximal end of metatarsals
Greatest transverse diameter of distal end of metatarsals
Greatest length 1st row phalanges
Greatest length 2d row phalanges
Greasest length 3d row phalanges
Greatest length 4th row phalanges
Greatest length 5th row phalanges

mm.
133

15
6

26
58

a 59

mm.
212
118

55
64
95
69
94

III. IV

mm.
234
106

66
76
85
53
43

a 90

mm.
202

77
81
45
63
39
30
29

a 81

" Measurements from other individuals of ahout same proportions as No. 4277.

THE GENUSCAMPTOSAURUS.

In a paper published in December, 1879," Prof. O. C. Marsh pro-

posed the genus Cani'ptonotvH., and at the same time described two

species, G. dlspar and C. ampins., both from the Morrison beds (Atlan-

tosaurus beds of Marsh) of the Upper Jurassic. In the same article

he proposed the family Laosaurida3 to include the two genera Lao-

sourus and Camptonotus.

In 1881,^ without comment, he proposed the family Camptonotida^,

under which the following genera were included: ('amptonotiis.,

Laosaurus., Nanosaurus, and Diracodon. In 1882 '^ he briefl}^ defined

the family, including in it the European genus HypsUophodon^

Diracodon being removed to the Stegosaurida'.

The name Camptosaurus was proposed by Marsh in 1885 '^ to re-

place Camptonotus., preoccupied.

Dollo,^ in 1888, gave an emended definition of the family, using

the older term Camptonotidse, under which he placed the two genera

Camptonotus and Tlypsilopliodon. To distinguish the former from

the latter, " Camptonotus " is defined as follows :
" Two phalanges

in manus-digit-V. Preacetabular process of the ilium slight. No
rudiment of pes-digit-V."

In 1889, Lydekker ^ referred three species to the genus Gamp-
tosaurus, C. leedsi, C. valdensis, and C. prestwichii, Seely's genus

o Amer. Journ. Sci., XVIII, 1879, pp. 501-503.

6 Idem, XXI, 1881, p. 423.

<= Idem, XXIII, 1882, p. 84.

^ Idem, XXIX, 1885, p. 169.

ecompt. rend. Acad. Paris, CVI. 1888, pp. 775-777.

f Quart. Journ. Geol. Soc. London, XLV, 1889, pp. 47, 48. 4
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Ciimnoria being considered a synonym. In 1890" he characterized

the genus as follows

:

Teeth simpler than in the typical group of Igudnodon. Cervical vertebra;

opisthocoelous ; sacrals flattened interiorly and not anchylosed ; manus with five

normal digits. Ilium typically deep with short and iMjinted pre- and postace-

tabular processes, the latter having a distinct ventral plate; pubis relatively

stout and long as ischium. Femur slightly longer than tibia, with curved

shaft and pendant inner trochanter; typically four functional digits in pes.

In 1894,'' Marsh published a restoration of the skeleton of Gamp-
tosaurns dispar, and additional characters relating to the osteological

structure were noted. Four months later/' he briefly described the

two species, C. medius and G. nmius, and at the same time character-

ized the genus as follows

:

Premaxillaries edentulous with horny beak. Teeth large, irregular, and few

in number. A supra-orbital fossa. Cervical vertebrse long and opisthocoelous.

Lumbars present. Five free vertebrae in sacrum, with peg-and-notch articula-

tion. Limb bones hollow. Fore limbs small. Sternum unossified. Five func-

tional digits in manus. Prepubls long and broad, iiostpubis elongated. Femur
longer than tibia. Metatarsals short. Three functional digits in pes: the first

rudimentary and the fifth wanting.

In 1895 ^ Marsh redefined the family CamptosauridtTe, retaining

in it only the genus Ganiptosaurus, the other genera being removed

to separate families proposed for them. This definition was re-

peated, with a few additions, in 1896, in his "' Dinosaurs of North

America " ^

In 1899, Nopcsa f gives a brief preliminary description of a new

species, G. inkeyi^ from the Cretaceous of Hungary, and in 1901 ^

placed the genus under the subfamily Camptosaurida\

In 1902, Hay '' included under the family Camptosauridse ^ the

« Cat. Fossil lleptilia and Amphibia in Brit. Mus., Suppl. to Ft. 4, 1890, p. 259.

6Amer. Journ. Sci., XLVII, 1894, pp. 245, 24G, pi. vi.

c Idem, XLVIII, 1894, pp. 85, 88.

^ Idem, L, 1895, p. 497.

ei6th Ann. Kept. U. S. Geol. Surv., Pt. 1, 1S9G, p. 243.

^Denli. k. Akad. Wien, LXVIII, 1899 (1900), p. 579.

9 Foldtani Kozluny, Budapest, XXXI, 1901, p. 210.

''Bull. No. 179, U. S. Geol. Surv., 1902, p. 501.

^ Laosauridse Marsh has priority over Camptosauridoe Marsh, and if

Laosaurus is to be included in the same family with VamiJtosuurus, the former

name should be retained. On the other hand, if the two forms represent

distinct families, as originally proposed by Marsh, Camptosanridjie is repre-

sented by the genus Caniptosaurus, and Laosaurid:e by the genera Laosaurus

and Dryosatirits. The superfamily Iguanodontidea proposed by Hay in his

Bibliography and Catalogue of the Fossil Vertebra ta of North America (p.

500), should then include the families Camptosauridiie, Laosaurid;e, Nanosau-

ridie, Trachodoutidpe, and the European Iguanodontidai and Hypsilophodontidre.

For obvious reasons, Thespcsius Leidy should be removed from the Iguano-

dontidae to the Trachodontidse.
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genera Camptosaurus Laosaurus, and Dryosaurus, Na7iosaurus be-

ing retained under the family Nanosaiiridse as originally proposed

by Marsh.

In the same year, Zittel'^ defines the genus Camptosaurus thus:

Attaining a total length of at)out 10 m. Cervical ribs short ; dorsal vertebne

amphiplatan ; sacrals not anchylosed. Pubis robust, postpubis of equal length

with the long and slender ischium. Pendant inner fourth trochanter of femur

marked. Pi-oximal tarsals separated.

As shown by a recent study of the tyj^ical specimens in conjunc-

tion with all other available material, it is found that the earlier

definitions of the genus, as briefly reviewed above, are in some re-

spects in error. Such inaccuracies as have been detected caii, in most

instances, be attributed to the incompleteness of the material at the

command of the earlier authors.

The characters displayed by the discovery of new material, com-

bined with a restudy of the typical specimens, show that the genus

Camptosaurus may now be characterized as follows

:

Generic characters. —Premaxillaries edentulous., with horny heak.

Teeth large., irregular and comparatively few in number. A supra-

orbital fossa. Cervical vertebrae posterior to the third opisthocoelous

manus with five digits., metacarpal of first digit ankylosed with

radiale. Ilium with long preacetabular process. Pubis well devel-

oped., with broad anterior blade., postpubis elongated reaching end of

ischium. Ischium toith long shaft terminated by an expanded ham-

'mer-like end. Femur curved., longer than tibia., xoith pendant inner

trochanter extending on to the distal half of the shaft. Astragulus

and calcaneu7)i free., former without ascending process. Pes robust

with four digits., first being rudimentary.

Camptosaurus dispar is the tj^DC-species of the genus, and, as will

be discussed later, was founded on the remains of at least two and

maybe three individuals, all from the Jurassic, Quarry No. 18, near

Como, Albany County, Wyoming. Eight species have been described

.as pertaining to this genus, of which four are American and four

European. An alphabetical list of the species assigned to the genus

is given below.

ALPHABETICAL LIST OF SPECIES."

Camptosaurus ampins Marsh. (No. 1879, Yale University

Museum.)

Camptosaurus browni, new species. (Cat. No. 4282, U.S.N.M.)

« Text-book of Paleontology, English Tianslation, II, 1002, p. 23S.

" lu P^oldtaui Kozlouy, Budapest, XXXI, 1901, p. 210, Nopcsa inadverently

includes Dryosaurus alius (Marsh) in a list of the described species of

Camptosaurus. Marsh first described this form as Laosaunis alt us and later

referred it to Dryosaurus. While it represents a closely related genus, it is

quite distinct from Camptosaurus.
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Camptosaurus defvessus^ new species. (Cat. No. 4753, U.S.N.M.)

Camptosaurus dispar Marsh. (No. 1877, Yale University Mu-
seum.)

Camptosaurus iriK-eyi Nopcsa. (Location of type unknown.)

Camptosaurus leedsi Lydekker. (Coll. of A. N. Leeds, Eyebury,

En<z;land.)

Camptosaurus medius Marsh. (No. 1880, Yale University Mu-
seum.)

Camptosaurus nanus Marsh. (Cat. No. 2210, U.S.N.M.)
Camptosaurus prestivichil Lydekker. (Museum in Oxford, Eng-

land.)

Camptosaurus valdensis Lydekker. (No. R167, British Museum.)

SYSTEMATIC DESCRirTION AND REVISION OF SPECIES.

In the description and revision of the various species to follow.

Hatcher's method of treatment in his monograph on the Ceratopsia is

adopted, with modifications. A reference to the original description

of each Avill first be given,, followed by references to the more impor-

tant literature w^hich further elucidates the species under considera-

tion. These references will be arranged in chronological order.

'\^^ien possible, the parts constituting the type will be listed and
definitely located, also the name of the museum to which each belongs,

as well as the distinctive catalogue numbers which have been assigned

to them. The locality and geological horizon from which the speci-

men came, and the name of the collector, when known, will be given,

so that in each instance a permanent record of the character and loca-

tion of the type material will hereafter be available.

In the discussion of the species, the original description of each will

first be quoted, followed by a further description of such parts of the

skeleton as considered not sufficiently elucidated in the original text,

and a presentation of my own views. In conclusion an attempt will

be made to give a brief characterization of each valid sj^ecies.

CAMPTOSAURUSDISPAR Marsh.

Camptonotus dispar Marsh, Anier. Journ. Sci. (3), XVIII, 1879, pp. 501-

503, pi. III.

Camptosaurus dispar Marsh, Amer. Journ. Sci. (3), XXIX, 1885, p. 109.

Caiitptusaurus dispar Lydekker, R. Cat. foss. Reptilia and Amphibia Brit.

Mus., Pt. 1, 1888, p. 192, fig. 36.

Camptosaurus dispar Marsh, Amer. Journ. Sci. (3), XLIV, 1892, p. 176,

pi. v; XLVII, 1894, pp. 245-246, pi. vi ; XLVIII, 1894, p. 85, pi. v, fig. 1;

Geol. Mag., Dec. 3, I, 1894, pp. 19.3-19.5, pi. vi ; 16tli Ann. Rept. V. S.

Geol. Surv. 1894-95, Pt. 1, 1896, p. 196, pis. liv, lvi ; Compt. rend., 3 me
Congres International de Zoologie, Leyden, 1890, pp. 196-211, fig. 7;

Men. U. S. Geol. Surv., XXVII, 1897, p. 502, pi. xxiii; Amer. Journ.

Sci. (4), VII, 1899, p. 232, fig. 2.
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(Jumnora {Camptosaurus) dispar Williston, Amer. Nat., XXIV, 1890,

p. 472.

Camptosaurus dispar Zittel, Handbuch der Paleontologie, I, 1890, p. 756.

fig. 666.

Camptosaurus dispar Furbringer, Jeuaische Zeitschr. f. Naturwiss., Jeua,

XXXIV, 1900, p. 350.

Camptosaurus dispar Nopcsa, Foldtani Kozlouy, Budapest, XXXI, 1901,

p. 210.

Camptosaurus dispar Hay, Bull. No. 179, IT. S. Geol. Surv., 1902, p. .501.

Holotype. —No. 1877 consists of the atlas, axis, seven cervicals, first

dorsal, left scapula (lacking upper half of the blade), left coracoid

(also incomplete), two femora, tibia, fibula, astragulus, calcaneum,

nearly complete pes, and two manus.

ParaUjpe. —No. 1877r^, so far as I am able to determine, consists

of a sacro-dorsal and four sacral vertebrae, all united by suture.

Parutype. —No. 1878 consists of the left ilium, pubis, and ischium,

figured in the original description, together with a humerus, radius,

and ulna.

The description calls for teeth and part at least of the lower jaws.

It may be Marsh refers here to a pair of incomplete jaws, No. 1888,

in the same collection, but this can not now be absolutely detennined.

The above specimens were all collected by Mr. W. H. Reed from

Quarry No. 13, Jurassic (Morrison beds), 8 miles east of Como,
Wyoming, and are now preserved in the collection of the Yale Uni-

versity Museum.
The original description is as follows

:

The presout genus is most nearly allied to Laosaurus, but diffei'S in several

points. The cervical vertebrje are all opisthoooelous, while those knovi^n in

Laosaurus are nearly plane. The pubis, moreover, is broad and thin in front

of the acetabulum, and directed well forward. It has a deep, well-marked

articular face for the support of the femur. The ischium is expanded at its

distal end, and has an extensive surface for union with its fellow. The femur
is longer than the tibia.

This genus agrees with Laosaurus in one important character, namely, the

sacral vertebrae are not coossified. That this is not merely a character of

immaturity is shown by some of the other vertebrae in the type specimen, which

have their neural arches so completely united to the centra that the suture

is nearly or quite obliterated. To this character of the sacral vertebrae the

name of the present genus refers. With Laosaurus this genus forms a distinct

family, which may be called Laosauridw.

The teeth in Camptonotus resemble those of Laosaurus, and are in a single

row in close-set sockets. The rami of the lower jaws were united in front

only by cartilage. There are nine cervical vertebne, all of which bear shoi-t

ribs, as in the Crocodiles. The dorsal vertebrne have their articular faces nearly

plane. The sacral vertebrae in all the known specimens are separate, and
their transverse processes are each supported by two centra. The chevrons

have their articular faces joined together.

The fore limb is much reduced in size. There are five digits in the manus,
supported by nine carpal bones, three of which are united in one on the radial

side. The number of phalanges, beginning with the first digit, was 2, 3, 3, 3, 2.
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Tlie forui and proportiou of the various elements of the fore limb are shown in

Plate III. tig. 1.

The pelvic arch is quite unlike any hitherto flescriberl. In its general form

the ilium resembles that of Morosaunis, but the proportions are reversed. The

massive portion in the present genus is not in front, but behind, as the ischium

is larger than the pubis. The relative position and form of the elements of

the pelvic arch are shown

ifWW ^^ *^^ figure below.

The femur has a long

pendant third trochanter,

and a prominent ridge to

])lav between the tibia

wm \\»\ X ^^^^ fibula. The tibia is
it B. f a ^i V

, stout, and somewhat
shorter than the femur.

,, . --==^8*^ -^-«fc. Ttie fibula is slender, and
shorter than the tibia.

F ^''^^^l^ l // '^^^ astragulus and cal-

p ^^^^^^^^*'^ caneum are distinct.
The second row of tarsals

Fig 36. —rELvic ahch of CAi\iPTOsAUKt;s (Camptonotus) contains but two bones.

DisPAE Marsh. No. 1878, Yale Museum ; side view ; The first digit in the pes
A NAT. size, a, acetabulum

; il., ilium
; is., ischium ; ^c^g rudimentary and did

», pubis ;
»' posTPUBis. After Maksh. . , .>,,

'

'

jnot reach the ground.
The second, third, and fourth were well developed. The fifth was entirely

wanting. The number of phalanges, beginning with the first digit, was 2, 3, 4, 5.

The structure of the hind limb and foot is well shown in Plate III, fig. 2, which

is taken from the same skeleton as fig. 1.

Some of the principal measurements of the present species are as follows

:

mm.
United length of the nine cervical vertebrae 565

Length of axis^ 54

Transverse diameter of posterior articular face 41

Length of ninth cervical vertebi'a 64

Transverse diameter of posterior articular face ^^ 63

Length of humerus 337

Length of radius 245

Length of ulna 260

Length of femur 565

Length of tibia 5.55

The known remains of this species indicate an animal about S or 10 feet in

height and herbivorous in habit. All the specimens discovered are from tlie

Atlantosaurus beds of the Upper Jurassic.

Concerning the status of the material upon which the above genus

and species was founded, Dr. R. S. Lull writes me as follows :
" I

find an old manuscript sheet in Marsh's writing in which No. 1877 is

called the " type " of C. dispar. Professor Schuchert and I have de-

cided therefore that 1877 should be the holotype and 1878 the para-

type.'' No. 1877r/ mav pertain to the holotype, but, as shown later,

appears to represent a distinct individual. '
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While Marsh in the above description brings out most of the essen-

tial characteristics of this form, a recent examination of the type

specimen, combined with a study of additional material, shows that

several of the observations made at that time are not substantiated.

These remarks apply particularly to the description and figures of

the scapula and ilium, the latter, as will be shown later, being one

of the most characteristic elements of the skeleton.

In a note published in the American Naturalist," Dr. S. W. Wil-

liston first called attention to the perpetuation of an error by Mr.

Richard Lydekker, who was struck with the great resemblance be-

tween the ilia (excepting the preacetabular portion) of Camptosaurus

dispar and I guanodon dawsoni. Doctor Williston says

:

The fact is that the figure of the former is wrong. The anterior portion of

the ilium of the type had been brol^en off and weathered, indications of which

are distinctly seen in the specimen. I'rofessor Marsh had this demonstrated

to him more than five years ago, and there are other ilia in the Yale Museum
in which this process is complete.

I quite agree with Doctor AYilliston's observations with the excep-

tion that none of the ilia in the Yale Museum, so far as I could find,

show the complete preacetabular process, but there are other speci-

mens in the collection which have considerably more of the process

preserved than is shown in the ilium figured. That Marsh clearly

recognized the incorrectness of his first figure is evident, since in a

later jjaper ^ he rejiublished a figure of the pelvic bones of C. dispa?'

to the ilium of which had been added in outline a long, sharply-

pointed anterior process. That he was still in error is clearly shown

by the left ilium of C. dispar, Cat. No. 5473, U.S.N.M., which is termi-

nated anteriorly by a somewhat rounded spatulate end (see fig. 29).

The incomplete scapula of the holotype was correctly figured on

Plate's, fig. 1, in the original description, but later '^ the scapula

and coracoid are represented as being complete. I am at a loss

to understand, however, upon what evidence Marsh based this res-

toration of the upper free extremity of the scapula, which is so

entirely different from all other scapulae pertaining to the members
of this genus. None of the ten or more scapulae examined by

me show anterior expansion of this end, but all agree, with slight

variations, in having the same general contour as the scapula of No.

4282, seen in fig. 23. I dwell on the correctness of the contour of

the type of C. dispar, from the fact that the specific characterization

of C nanus (see fig. 40) given by Marsh was based primarily upon
the differences in contour displayed by the scapulai of the two
specimens discussed here.

« Amer. Nat.. XXIV, 1890, pp. 4.12-AlZ.

^Amer. Journ. Sci., XLIV, 1S92, pi. v.

c Idem, XLVIII, 1804, pi. V.
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Detailed description. —The skull and jaws of the holotype are un-

known, and the complete neck with the first dorsal is all that is

preserved of the vertebral column of this individual. The cervicals,

posterior to the third, are all opisthocoelous, the second and third,

as in the other S2)ecies of the genus, being plano-concave. The
median ventral keel is Avider and heavier, and the centra are not so

deeply excavated laterally as in G. hrowni. The cervical region of

the holotj^pe of C, mecUus being still inclosed by the matrix, direct

comparisons with that species could not be made.

The first dorsal, as in G. hrowni, is opisthocoelous and shows the

same transition of the parapophysis from the anterior end of the

centrum in the ninth cervical to a position well up on the side of

the neural arch on this vertebra. It is the first vertebra of the series

to bear a true spinous process —a short spine 11 mm. high, slightly

thickened and roughened at its upper extremity. The neuro-central

sutures are plainly shoAvn on all of the vertebrae preserved.

The sacrum, No. 187T«, Yale University Museum (see Plate 13),

although considered by Marsh as pertaining to the holotype, in all

probability belongs to another individual. This is shown by a com-

parison of the measurements of the cervical and sacral vertebrae with

the homologous parts of Cat. No. 4282, U.S.N.M., the proper associa-

tion of the different elements of this skeleton being unquestionable.

Referring to the table of measurements on page 243, it will be

seen that the cervicals are smaller and the sacrals larger than

those of No. 4282. On account of the difference in proportions noted,

I am inclined to believe the sacrum represents a distinct individual,

and should, therefore, as it was included in the material first de-

scribed, be considered a paratype, to which the catalogue number
1877a has been given to distinguish it from the holotype. No. 1877.

In the sacral region of No. 1877a there are five vertebra^, united

by suture, of which the joosterior four represent true sacrals, or those

which give support to sacral ribs. This interpretation excludes the

anterior vertebra of the series which may be regarded as sacro-dorsal

(«, Plate 13), as shown by the weak diapophyses which carried a

single-headed rib. Marsh has described the peculiar peg-and-notch

articulation (see 3, fig. 37) of the centra of this region and makes •

it an important feature of the genus, but after a study of several

sacra I am inclined to believe too much stress has been laid on this

character, as it appears to be a variable one. For example, in the

sacrum of G. hrowni this peculiarity is only weakly developed be-

tween S3 and S4 (see fig. 17), and in G. nanus there is only the

suggestion of such an articulation. In the sacrals under discussion

this articulation is faintly shown between Sj and So, more pro-

nounced between So and S;j, and strongly developed between S3 and

Proc. N. M. vol. xxxvi —09 18
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S4 (see fig. 37). The ventral surfaces of all the centra are flattened,

with a slight, median, longitudinal depression, which at once dis-

tinguishes them from the keeled or hsemally rounded sacral centra

of C brotvni. The ventral surface of the sacro-dorsal is regularly

and evenly rounded and is without the decided keel present in that

of C. hi'owni.

The two spinous processes preserved (see Plate 13) rise as thick-

ened plate-like spines, the upper termination being thickened trans-

versely, especially on the anterior part of this end. The spine of

the sacro-dorsal is heavier anteriorly than the spine of sacral one,

and probably indicates the culmination in the development of the

spinous processes. The border below the thickened termination is

compressed and presents a sharp anterior edge. The posterior bor-

der is somewhat thickened and has a shallow, vertical groove which

may have received the sharp anterior edge of the spine posterior to

Fig. 37. —(1) Lateral and (2) front views of first sacral centrum Camptosaurus
DisPAR Marsh. No. lS77a, Yale Museum. Paratype. J nat. size., a, anterior face
for articulation of first sacral rib ; h, posterior articulating surface for
SECONDsacral RIB. (3) rOSTERIOR SACRAL VERTEBRAOF SAME. J NAT. SIZE. SHOW-
ING peg-and-notch articulation; top view: a, anterior end; p, postbriob end.

After Maesii.

it, which would give the plate-like appearance of the three median

sacral sj^ines, as shown by Marsh in his first restoraton of G. tUspar.

In No. 1878, Yale Museum, the ilium, pubis, and ischium are pre-

served, the two former elements being incomplete, that is, the ilium

lacks most of the preacetabular and postacetabular processes, and the

pubis most of the post-pubis, which, as shown in Plate 15, repro-

duced from a photograph of the specimens, has been restored in

plaster.

In the jjelvic bones are found the chief differences which serve to

separate this species from the other members of the genus. The
ilium, in proportion to its length, is considerably deeper and more

robust than in any of the other species (compare figs. 29 and 30).

The preacetabular notch is wide and the acetabular notch deep. The
oblique border of the supero-posterior end is much longer —in most

individuals a third longer than in C. hrowni —and terminates pos-

teriorly as a thickened angular end.
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The iDi-eacetabiilar process of this particnhir individual is un-

known, and in the first figure of this element it was represented as

being a very short, blunt process (see fig. 8(5). As previous!}^ stated,

the first figures given are now known to be erroneous.

The shaft of the ischium of C. dispar is more robust, and at its dis-

tal termination has a larger hanmier-like development of this end
than is found in any of the known species (compare is, Plates 15 and

16), the greatest diameter being 100 mm. The pubis does not show
any especial differences, while the post-pubis is almost wholly
restored.

The limb and foot bones do not exhibit any especial characters

except a more robust development than is found in the smaller spe-

cies. It is at once distinguished from C. ampins by the greater size

and the comj^ressed, sauropod-like ungual of Digit I of the latter,

as compared with the rounded, claw-like element of C. dispar (com-

pare fig. 35 Avith fig. 38 and Plate 17).

Of the pes of No. 1877 I need mention only the extreme shortness

of Metacarpal I as figured by Marsh. When compared with com-
plete elements it appears that the upper third is missing, which
would account for the extreme brevity of this digit as originally

figured. In the same cut Digit III is represented as bearing the

heaviest ungual, when, as shown by the pes of Cat. No. 4277,U.S.N.M.

(see fig. 35), Digit II carries the most robust terminal phalanx of the

hind foot. A cast of the foot in question now before me shows an
ungual attached to the second digit whose small articular surface in-

dicates at once that it has been wrongly placed, and in all probability

pertains to Digit IV.

The manus, if correctly associated with the pes just discussed as

pertaining to the same individual, shows variation from the same
elements in Cat. No. 5473, U.S.N.M., being much lighter in construc-

tion, the hind feet having about the same dimensions. The associa-

tion of the fore and hind feet of this latter individual is undoubtedly

correct.

The fifth metacarpal is unusually short. The ungual of Digit III

is very small, weak, and sharply pointed. Carpale five, as shown in

the earlier figures of the manus of O. dispar, contributes to the articu-

lating surface for the ulna and is so shown in the cast of the right

fore foot. The unusual position of this element would hardly point

to the true interpretation of the proper articulation of these bones,

and it has been depicted otherAvise, as shoAvn in fig. 28. In the

right foot I can only recognize seven carpal elements, although the

eighth is probably fused with the radiale and Metacarpal I, and has

thus lost its identity. Carpale three is almost wholly articulated Avith

the proximal end of Metacarpal III. It is Avedge-shaped, the thick-

ened part being posterior. Carpale Iavo occupies a posterior position



276 PROCEEDINGSOF THE NATIONAL MUSEUM. vol. xxxvi.

on Metacarpal II and is not visible from the front view as in the

foot of Cat. No. 4277, U.S.N.M. (see fig. 28). In other respects the

foot does not differ materially from the description already given in

that part of the present paper devoted to the osteology of Campto-

saurus.

The restoration (see Plate 18) of Camptosaurus dispar published

by Marsh * was based on the typical specimens, and while it depicts

well the general appearance of the animal, it is now known to be

erroneous in the following particulars: The thoracic region is too

long by at least three, and possibly five, vertebrae; all of the presa-

cral vertebra? are rib-bearing, and thus there are no true lumbars;

the anterior caudal vertebra?, as shown in the restoration, have the

arches and transverse processes too high above the centra, the latter,

as shown in fig. 18, being below the level of the pre- and postzygapo-

physes. The spines should also be more inclined backward and de-

crease more rapidly in height posteriorly ; the transverse processes

are continued too far posteriorly, as shown by two specimens in the

National Museum, where they end on either the twelfth or thirteenth

from the sacrum. Other minor corrections have been touched upon

in the previous pages, so need no mention here.

As shown by the skeleton, C. dispa?' is an animal of quite robust

proportions, only exceeded in size by O. amplus. Marsh estimated its

length as being 20 feet.

After a review of the typical specimens as compared w^ith the other

species of the genus, C. dispar may now be distinguished by the fol-

lowing characters : .

Specific characters. —Typically of large size. Cervical centra with

heavy heel. Foiir sacrals with peg -and -notch articulation. Sacral

centra flattened inferiorly. Sacra-dorsal without ventral heel. Ilium,

deep., and heavy in its proportions. Ischium stout., tinth greatly en-

larged distal extremity. Ungual of Digit I of pes rounded and

pointed.
CAMPTOSAURUSAMPLUSMarsh.

Camptonotus amplus Marsh, Amer. Jouni. Sci. (3), XYIII, 1879, p. 503.

Camptosaurus amplus Marsh, Amor. Journ. Sci. (3), XXIX, 18S5, p. 169;

16th Ann. Rep. U. S. Geol. Snrv., 1894-95, Pt. 1, 1896, p. 196.

Vamptosaurus amplus Nopcsa, Foldtani Kozlony, Budapest, XXXI, 1901,

p. 210.

Camptosaurus amplus Hay, Bull. No. 179, U. S. Geol. Surv., 1902, p. 501.

Holotype. —No. 1879, Yale University Museum, was collected by

Mr. Arthur Lakes from "Big Canyon Quarry," Jurassic (Morrison

Beds), in the vicinity of Como, Albany County, Wyoming. It con-

sists of a right pes nearly entire. The first description is as follows:

A second species of this genus, about three times as large as the one [C. dis-

part just described, is represented by various remains, among which is a li'ft

« Amer. Journ. Sci., XLVII, 1894, pi. vi.
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liiiul foot nearly entire. There were three functional ilisits in this foot, the

first being rudimentary and the fifth entirely wanting. The metatarsal of the

first digit is a si)lint, much curved, and with the apex above. The terminal

l»halanx of this digit is nuich compressed, not round as in the smaller species.

The second metatarsal is of much greater length. The terminal phalanx of

this digit is longer in proportion than that of the preceding species. The third

and fourth digits were large and powerful. The main dimensions of this foot

are as follows:

mm.
Length of second metatarsal 29.5

Greatest diameter of proximal end 113

Length of third metatarsal 345

Greatest diameter of proximal end ' 150

Transverse diameter of distal end 102

Length of fourth metatarsal 1- 305

Length of first phalanx of third digit , 140

Length of first phalanx of second digit 120

The remains of the present species are from a lower horizon in the Jurassic

than those described above, but within the limits of the Atlantosaurus beds.

An examination of the type .specimen shows it to be a right instead

of a left hind foot, as originally described, and it has been so re-

moitnted, as shown in Plate 17, reproduced here

from a photograph.

As Marsh has already pointed out, C. amplus
may be distinguished from the other species of

the genus, (1) by its great size, (2) by the

compressed terminal j^halanx of the first digit, pj^, 3s._u n g u a l of

This phalanx, in nearly all of its details, re- first digit, camp-

sembles the ungual of the third digit of the m^rsh. Na^'mo!
pes in the opisthocoelian dinosaurs, as shown in yale museum, holo-
n^ on TYPE. I NAT. SIZE.*'''

_
•«, A R T I C U L A R END.

A second specimen. No. 1887, Yale Museum, rough outline
consisting of portions of the skull and lower L™™;™"r„r
jaws (see Plates 7*, 8, and 9), may, on account

of its large size, be provisionally referred to this species. It was
collected by Prof. O. C. Marsh from deposits in the Garden of the

Gods, Colorado Springs, Colorado, in 1886. With this specimen

was found the following note in Professor Marsh's handwriting:
" Part of this animal and various Sauropoda bones were taken out

by Professor Kerr in 1878." Diligent inquiry has failed to locate

the repository of the parts of this specimen collected by Professor

Kerr, but their association with Sauropoda remains would indicate

the Jurassic age of the deposits in which they were originally found.

On page 1159 of volume 2 of Nicholson and Lydekker's Manual
of Paleontology, they remark :

" It is not improbable that the large

Iguanodont from the Upper Jurassic of the United States, de-

scribed as ' Camptosaurus amplus,' should be referred to this group
of Iguanodon, since it has but three functional digits in the pes."
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While the first digit in C. ampins is undoubtedly rudimentary, still

it is at once distinguished from the remnant of the first metatarsal in

Iguanodon by the heavy articular distal end of Metatarsal I, and the

j)resence of two distal j)h<^langes. The distal row of tarsals, as in C.

dispar^ consists of two elements (see Plate 17), although, com-

paratively speaking, somewhat reduced in size.

PrinciiKil measnr-oncHts of Specimen, No. 1879, Yale Mnsenm.

Digits. II. IV.

Greatest length of metatarsals
Greatest lengtla of tirst row phalanges
Greatest length of second row phalanges.
Greatest length of third row phalanges. .

.

Greatest length of fourth row phalanges .

6G
43

305
117

92
103

345
124

87
60

295
84
69
44
32

° Incomplete. '' Missing.

CAMPTOSAURUSMEDIUS Marsh.

Cnmptosaurus medius Marsh, Auier. Jourii. Sci. (3), XLVIII, 1894, p. 85,

1)1. IV ; IGtli Ann. Itei). IT. S. (Jool. Sui v., 1894-95, Pt. 1, 1890, p. 190,

pi. Liii; Mou. (ieol. Siu-v., XXYII, 1897, p. 502, text figs. 58, 59.

Cam2)to.sauru.<t medius Nopcsa, FCildtani K()zl(jiiy, Budapest, XXXI, 1901,

p. 210.

Camptosaurus medius Hay, Bull. No. 179, U. S. Geol. Surv., 1902, p. 501.

Holotype —Xo, 1880, Yale University Museum. This specimen was

collected by Mr. W. H. Reed from " Quarry 13 " in the Jurassic (Mor-

rison beds) of Albany County, AYyoming." It consists of a well-pre-

served disarticulated skull and jaws; 59 or more vertebra^, rej^resent-

ing all parts of the vertebral column, of which at least half have the

arches and spinous jjrooesses complete; tAvo humeri, two ulna^, one

radius, one femur, tibia and fibula, astragulus, calcaneum, left pes,

two ilia, ischium, i:)ubis, numerous ribs, and ossified tendons.

The sj)ecies was never i^roperly defined by Marsh, the original de-

scription consisting" of the few lines which follow

:

There are at least two small species of the genus (C. medius and C. nanus,

noticed below). * * * f*. medius was about fifteen feet long. * * * The

skull, brain, and teeth of C. medius are shown on PI. IV.

It is now known that the skull as figured '' was reconstructed, not

from the disarticulated elements of the holotype alone, but the nasal

region and the lower posterior section of the skidl and mandible were

drawn from No. 1887, Yale Museum (see Plates 7 and 8), a very

much larger individual which undoubtedly pertains to a distinct

" In his Bibliography and Catalogue of Fossil Vertebrata of North America

Hay cites the occiu'rence of this species in Colorado. So far as known, it has

not been found outside of Wyoming.
& IGth Ann. Rep. U. S. Geol. Surv., 1894-95, Pt. 1, 1896, pi, liii.
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species, as stated on pa<i-e 277. Takintj into consideration these facts

in connection with many inconsistencies discovered in the figures, I

do not believe that the skull, as illustrated, should be considered

typical of the sjiecies. The teeth, as shown in fig. 9, are of the holo-

type, but I am unable to find that they show any distinctive charac-

ters. While the skull may show specific differences when the crania

of the other forms are known, such comparisons can not be made at

present, owing to the lack of material.

The parts of the type-specimen, as enumerated above, represent a

considerable portion of the entire skeleton, and it is unfortunate that

they have not yet been made ready for study. At present only the

disarticulated elements of the skull and jaws, limb, foot, and pelvic

bones (see Plate 10) have been freed from the matrix, the other

parts being still largely enveloped in the hard, concretionary mass in

which they were originally entombed.

Even though Marsh failed to define this form, I believe it to repre-

sent a valid si^ecies intermediate in structure between O. dispar and
C. hrowni. From C. dispar (compare Plates 15 and 16), its nearest

ally, it may be distinguished by the lighter structure of the pelvic

bones, that is, the ilium is considerably narrower in proportion to its

length. The oblique border of the supero-posterior end is somewhat
shorter. The ischium is much more slender, and the hammer-like
expansion of the free end less robust, its greatest diameter measuring
73 mm. Throughout the skeleton of G. medius aj)pears to be lighter

and more delicately constructed. The femur pertaining to the type-

specimen is proportionately very short, but I am inclined to the opin-

ion that this is either due to severe crushing, or the preparator, in

joining the two ends, has omitted a section of the shaft of the bone,

which would account for the extreme brevity of this element.

Except in its smaller size, the hind foot shows no essential differ-

ences when compared with that of C. dispar. The following are

the measurements of the left pes of No. 1880

:

mm.
Greatest length of metatarsal I 74

Greatest length of metatarsal II 148

Greatest length of metatarsal III 181

Greatest length of metatarsal IV 151

It is anticipated that upon the complete prejiaration of the type

material, characters will be disclosed by which this species may be

more completely defined, but for the present it must rest on those

shown by the pelvis, although the dissimilarity shown by these bones

certainly suggests other and even more important differences in the

other portions of the skeleton.



280 PROCEEDINGSOF THE NATIONAL MUSEUM. vol. xxxvi.

CAMPTOSAURUSNANUSMarsh.

Camptosaurus nanus Marsh, Amer. Jouru, Sci. (3), XLVIII, 1894, p. 85,

pi. v., fig. 3; 16th Ann. Rep. U. S. Geol. Surv., 1894-95, Pt. 1, 1896,

p. 196, pi. LV, fig. 2.

Camptosaurus nanus Walcott, Science (2), XI, 1900, p. 23.

Camptosaurus nanus Nopcsa, Foldtani Kozlony, Budapest, XXXI, 1901,

p. 210.

Camptosaurus nanus Hay, Bull. No. 179, U. S. Geol. Surv., 1902, p. 501.

Holotype.— C?it. No. 2210 U.S.N.M.'^ was collected by Mr. W. H.

Reed from the upper Jurassic (Morrison beds), "quarry 13," near

Conio, Albany County, Wyoming,'' in 1882.

The elements preserved are as follows: Portion of atlas, axis, 7

cervical, 16 dorsal, 4 sacral, and 34 caudal vertebrtr, numerous cervical

and thoracic ribs, right fore limb (scapula, coracoid, humerus, radius,

and ulna), 2 femora, 2 tibiae, left fibula, 2 ilia, 2 iscliia, portion of left

pubis, 2 metacarpals, 1 carpal, and parts of ossified tendons.

The original description is as follows:

The smallest species of the genus C. nanus was not more than 6 feet in

length, and perhaps 4 feet in height when standing at rest. One of the striking

features of this diminutive species is its long sigmoid scapula, shown in fig. 3,

Plate V. This is in strong contrast with the short, straight scapula of C. dispar,

seen on the same plate, fig. 2.

Detailed description. —The cervical vertebra' of the present species,

as comjDared with the corresponding parts of the larger forms, show

no particular distinguishing characters, although they differ in minor

details.

The entire neck and the first two dorsals remain articulated, and

thus the true relationship of these parts is accurately displayed. The

neck shows the same graceful upward curve of the cervicals as is

found in the related species. The transition of the parapophyses

from the anterior lateral border of the centrum of the ninth cervical

to the elevated position on the side of the neural arch on the tenth

(considered the first dorsal), agrees with the conditions found in G.

broioni and in the holotype of C. dispar.

The odontoid is all that remains of the atlas. The axis, which

lacks a poi'tion of the spinous process, is otherAvise very similar to the

same bone in O. dispar. The second, or axis intercentrum, is not co-

ossified as in the other species. In the narrowness of the ventral keel

and the deep lateral depressions on the sides of the centra the re-

maining cervicals appear to approach the vertebra? of C hrowni

"Marsh's original accession number is |l56l|. No. 1881 is the number under

which this specimen was catalogued while in the Yale University Museum.

^Bull. No. 179, U. S. Geol. Surv., p. -Wl. Hay gives the locality as Wyo-
ming (?). On the original field labels found with the specimens the locality

was given in full, and may now be considered as absolutely determined.
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rather than those of C. dispar. The opisthocoelian nature of the an-

terior vertebrae is not so pronounced as in the hirger species.

The dorsal series, though all are not articulated, appears to be com-

plete, consisting of IG vertebra-, many of which lack parts of their

processes. The only marked characters in the dorsals of ('. nanus

are to be seen in the spinous processes of the posterior portion of the

series, which are comparatively thin and lack the enlarged upper ex-

tremities of the same vertebrae in C. dispar and C. hrowni The arches

also appear to be relatively higher, with a corresponding enlarge-

ment of the neural canal, in this respect approaching C. prestwkhlL

The sides of the centra (considered as a whole) are less concave in the

longitudinal direction and appear to be more evenly rounded ven-

tralh^ The centra gradually increase in length from the first to the

thirteenth, the four-

teenth being the shortest .•?- t —,

3

of the posterior dorsals

(26 mm.). The fifteenth

and sixteenth dorsals

may be distinguished

from the others by the

enlargement of their

posterior ends in adap-

tation to the correspond-

ing surfaces of the

centra with which they

articulate. The six-

teenth or sacro-dorsal

(see S. dor., fig, 39) is

suturally united with

the centrum of the first

sacral. Its ventral sur-

s. dov.

Fig. .39.

—

Sacku.m of C.vMrTOSAUKUs nanus Maksh.
Cat. No. 2210, U.S.N.M. \ nat. size. Holotype.
Viewed from the right side. a. zyg., pkezyga-
popHYSES ; art. s., articular surface for first

sacral rib ; il., ilium ; o. t., ossified tendons ; p.,

i'arapophysis of the fifteenth dorsal ; p. il.,

preacetabular process of ilium ; p. zy<j., postzyga-
I'OPHYSEs ; S^, 8", 8% 8*, sacrals one to four,

respectively ; tr., transverse process or dia-

POPHYSIS; 1, spine of FIFTEENTH DORSAL; 2, SPINE
OF SIXTEENTH OR SACRO-DORSAL; 3, -), ANDB, SPINES OF
SACRALS ONE, TWO, AND THREE.

face lacks the decided

keel found in the sacro-dorsal of C. hrowni. The more detailed

description of this vertebrae and the succeeding sacrals will be found
in that part of the present paper relating to the osteology of Camp-
tosaurus^ pages 242 to 244. The sacral vertebrae show the most distinc-

tive character of the species in the ab.sence of the peculiar peg-and-

notch articulation of the centra, which forms an important feature of

the larger species. By some this difference might be considered of

more than specific importance, but on account of the close similarity

(except in size) of nearly all of the other elements to the homolo-

gous parts of the larger species, and the lack of other diagnostic

characters, I can see no reason for separating this form generically.

It is of interest to note the similarity in this respect of C. nanus to

C. prestwichii as described and figured by Hulke (see fig. 43).
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Most of the caudal vertebrae are articulated, the first alone of the

anterior ones being detached, but its size and other characteristics at

once show its proper place in the series. So closely do they resemble

the caudals of C. hrow7ii, described elsewhere, that I shall mention

only a few of their important features.

The second caudal bears the first chevron. As in C. hrowni, trans-

verse processes are developed on the first thirteen vertebrae, counting

back from the last sacral, where they stop abruptly. As shown by

some of the detached transverse processes, they are united to the ver-

tebrae by suture, about equally with the upper lateral surface of the

centrum and the lower lateral surface of the pedicle of the neural

arch. This would appear to indicate ossification from a separate

center and would also suggest the appropriateness of calling them

caudal ribs, as is done by some anatomists. A distal caudal preserved

exhibits the usual long, slender, pre- and postzygapophyses. The
important measurements of the vertebrae Avill be found in the table on

pages 2tt2 to 24-±.

Fig. 40.

—

Right scapula and coracoid (reversed) of Camptosaurus nanus Marsh.
Cat. No. 2210, IT. S.N. M. IIolotite. h nat. size. From a photograph.

The right fore limb, lacking most of the foot, is preserved with

this specimen, and is the one on which Marsh based his restoration of

the limb of C. nanus, first published '^ in July, 1894, the foot there

shown being drawn after that of C. dispar^ No. 1877, Yale Museum.
The scapula, as will be observed by comparing it with the same ele-

ments of the larger species (as shown in fig. 23), shows no appre-

ciable differences, except in its much smaller size. Thus, as will be

seen, C. nanus can not be distinguished by its " long sigmoid scap-

ula," as first defined by Marsh, he being led into this error by a

wrong interpretation of the missing upper part of the scapula of the

typical specimen of C. dispar., of which he attempted a restoration at

the time of describing the present species.

The coracoid, as compared with the same element of C. dispar and
C. hroivni, is shorter antero-posteriorly, more quadrangular in out-

line, with a proportionately deeper notch on the inferior border.

The foramen is not closed, as represented in Marsh's figure, but, as

in the other forms, is a notch, being open to the articular border for

"Arner. Jour. Sci., XLVII, pi. 5, fig. 3.
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the scapula. In the type-specimen the coracoid and scapula were not

coossified. (See fig. 40.)

The humerus lacks the robust development of the deltoid crest and
the articular ends are not so rugose as in the larger species ; in other

respects they appear identical (compare figs. 25, 2G, and 41).

The ulna (see ul^ fig. 41) appears to be more curved than the ulnse

of either C. hrowni or C. dispar^ but in the triangular contour of the

proximal end it approaches the latter species. The radius shows no

important differences.

Both of the ilia were recovered and, as found, were not far removed
from their normal position in relation to the sacrum, as shown in

fig. 39, the left one being the more com-

plete. In its general proportions it

approaches the ilium of C. (Lis par (see

Plate 14, fig. 2) rather than the narrow

and more depressed ilia of either C.

medius, C. browni, or C. depressus, al-

though the anterior termination of the

preacetabular process is especiall}^ like

that of the latter species. The ace-

tabular notch is deep and the ischiac

process robustly developed, and there

is a Avide horizontal plate or shelf on

the inner side of the posterior portion,

as in the larger species. The pubic

process is directed forward and well

downward, thus giving good w^dth to

the preacetabular notch.

The ischia of C. nanus lack their dis-

tal ends, but a comparison of the re-

maining parts with those of the larger

species shows no especial differences.

The portion of a pubis pertaining to

the type is too mutilated to allow of accurate comparison, although it

shows that a postpubic process was j^resent.

Except in their very much smaller size, a critical comparison of

the elements of the hind limbs of C. nanus with those of C. dispar

failed to reveal any essential differences. Ossified tendons still ad-

hering to the vertebrae, and particularly to the sacrum, were found
in the matrix (see g. t, fig. 39).

After a careful review of the typical material, as compared with
the other species of this genus, I find that C. nanus may now bo

characterized as follows:

Specific characters.— Typically of small size. Coracoid short,

quadrangular in outline. Sacral vertehrm without peg-and-notch
articulation.

Pig. 41.

—

Right iiumekus, e-vdius

AND fLX.V CAMPTOSAUKUSNANUS
Marsh. Cat. No. 2210, U.S.N.M.
HOLOTYrE. J NAT. SIZE. ll, HU-
MERUS; ra, radius ; ul, ulina.

From a photograph.
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That the type-specimen represents an adult individual there ap-

pears to be but little question. While the sutures on the vertebrae

are plainly discernable, nearly all of the arches remain attached to

their centra, while in some of the larger species we find them wholly

,v*3

^
,

<-

Fig. 42. —(1) Right femuu Camptosaurds nanus j\L\k.sh. Cat. No. 2210, U.S.N.M.
HOLOTYPE. I NAT. SIZE. iNTEItNAL VIEW. (2) FRONT VIEW OF SAME. a, LESSER
trochanter; b, inner trochanter; h, head. From a photograph.

detached. If a young individual, it is of interest to note the presence

of ossified tendons in an immature animal, a condition hardly to be

expected.
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J'riiiciittil incdsurciiiciits of CiiinptosdiirK.s iuiiiks.

mm.
Greatest loiigth of left ilium 244

Gi'entest vertical height over ischiac prpcess 82

Greatest vertical height over pubic process *_ 77

Greatest vertical height middle of acetabulum 45
Gombined length of four sacral centra 12G

Greatest length of femur 258

Greatest width of proximal end of femur 72

Greatest width of distal end of femur 71

Greatest length of tibia 235

Greatest width of proximal end of tibia 83

Greatest width of distal end of tibia 79

Greatest length of fibula 207

Greatest width of proximal end of fibula 47

Greatest width of distal end of fibula 26

Greatest length of scapula 187

Greatest width of articular end 53

Greatest width of free end 59

Greatest length of coracoid 35

Greatest width of coracoid 49

Greatest length of humerus 143

Greatest width of proximal end of humerus 43

Greatest width of distal end of humerus 30

Greatest length of ulna 102

Greatest width of proximal end of ulna 26

Greatest width of distal end of ulna 21

Greatest length of radius 45

Greatest width of proximal end of radius 16

Greatest width of distal end of radius 15

Measurements of the vertebrae of this specimen will be found in

the table of comparative measurements given on pages 242 to 244.

CAMPTOSAURUSPRESTWICHII (Hulke).

Iguanodon prestwichii Hulke, Quart. Journ. Geol. Soc. London, XXXVI,
1880, pp. 433-i54, pis. xviii-xx, figs. 3-5.

Cumnoria prestwichii Seeley, Rep. Brit. Ass. for 1887 (1888), p. 698.

Camptosaurus prestwichii Lydekkee, Cat. Foss. Reptilia and Amphibia

Brit. Mus., Pt. 4, Suppl., 1890, p. 259; Quart. Journ. Geol. Soc. London,

XLV, 1899, pp. 47, 48.

Camptosaurus prestwichii Nopcsa, Foldtani Kozlony, Budapest, XXXI,
1901, p. 210.

Holotype. —Preserved in the Museum at Oxford, England; col-

lected from the Kimeridge Clay of Cumnor-Hurst, Oxfordshire,

England. Consists of a fairly comi^lete skeleton, of which the fol-

lowing elements are preserved : Parts of the posterior region of the

skull, portions of the parietals, frontals, and postfrontals, both man-
dibular rami, portions of both maxilhr; C4 centra, of which 7 are con-

sidered cervical, 18 dorsal, 4 sacral, and 35 caudal; portions of both

ilia, fragments of the pubes, and 1 ischium. The limbs are repre-
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sented b}^ the articular ends of the femora, tibiae, and fibula?; tarsals,

metatarsals, and phalanges; portions of the scapulaj, humeri, and

metacarpals.

In the original paper, JHulke gives a detailed description of the

skeletal parts of the holotype. The article in question is of too great

length, however, to be wholly incorporated in the present paper, and

I shall confine my remarks to a brief review of the chief character-

istics, as described and figured by Hulke, in comparison with those of

the American species.

Review of the tyjncal material. —The occipital condyle has the same

reniform outline and forward development of the articular area on

the ventral surface as found in the American species. Its union with

the basisphenoid by a median tongue of bone received in a correspond-

ing notch on the posterior end of the latter element, and the pro-

nounced winding grooves on the lower and lateral surfaces of the

basisphenoid which marks the course of the internal carotid artery,

are similar to those in C. cUsiKir. The exoccipitals are perforated by

the usual foramina, and, as in C. disjmr., these bones enter slightly into

the formation of the occipital condyle. The supra-occipital contri-

butes to the upper boundary of the foramen nuignuui, its outline and

relationship to the surrounding elements appearing identical with

the same bone in C. dispar., as shown in fig. 4. The parietal bone is

single, the median crest sharper than in either C. mcdius or C. d'lspar.

The frontals are short and broad, and but little, if any, of their outer

borders enter into the formation of the orbital cavity. The post-

frontal has a smooth orbital surface of great extent. I am unable to

detect any differences which would distinguish the teeth of the upper

and lower jaws from those of the American forms. An idea of their

size may be gleaned from the following measurements : In a piece of

the maxillary, in a space of 75 mm., are the sockets of an outer

series of nine teeth. The breadth (that is, antero-posterior dimen-

sion) of a fully formed upper crown is 9.5 mm. The greatest breadth

of the largest lower tooth crown is 12.5 mm., that of other crowns

varying between 10 and 11.5 mm.
Of the twenty-five presacral vertebrae preserved, seven are con-

sidered by Hulke as cervical, and, since the atlas and axis are missing,

there would be in the complete neck at least nine vertebra\ The
opisthocoelous nature of the centra, the presence of the parapophyses

on the anterior end of the centra, the deep, lateral depression, and the

pronounced median keel, are all characters common to the other mem-
bers of the genus. But the angularity of the centra, as viewed from

the end, is peculiar to this species.

In the anterior dorsals it is apparent from Hulke 's description

that the transition of the pariipophyses from the centrum in the
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last cervical to the side of the neurapophyses in the early dorsals,

and finally to the anterior border of the transverse process in the

median dorsal region, approximates the conditions noted in the

American species. The presence of 18 dorsals with this specimen

raises the question as to the correctness of the vertebral formula of

Camptosaurus, as determined from a study of the two skeletons. Cat.

Nos. 4282 and 2210, U.S.X.M., which agree in having 10 vertebra?,

considered as dorsals, in front of the sacrum. If 10 is the correct

number for Camptosaurus, then C. presttvichii, having 18 dorso-lum-

1
bars, api^roaches Iguano-

don more closely.

In the sacrum, five verte-

bra^ are united by suture,

the most anterior of which

is considered by Ilulke as

a lumbar (sacro-dorsal),

the posterior four being

true sacrals (see fig. 43).

"\Aliile the sacrals do not

show the well-defined jDeg-

and-notch articulation of

some of the American
species, yet, as shown by
the figures of this region,

there appears to be a tend-

ency toward the develop-

ment of such an articula-

tion between sacrals one

and two, and also between

sacrals two and three,

much as in C. nanus. In
the size and number (five)

of coossified vertebra? and
the contour of their ven-

tral surfaces, the sacrum
approaches that of C.

nanus. It differs, how-
ever, in the transversely

contracted neural canal of the fourth which also bears the transverse
process or last sacral rib wholly upon its centrum. As will be seen
in fig. 39, this rib is borne intervertebrally in C. nanus. In the trans-
verse contraction of the neural canal of C. prestwichii, the fourth
sacral resembles that of C. dispar, as shown in fig. 37, although, as
in C. names, the rib is supported intervertebrally.

Fig. 43. —(1) The last doesal or saceo-dorsal and
SACELT.M OF CaMPTOSAURUSPRESTWICHII (Lr-
DEKKER), Museum of Oxford. Holotype. Seen
FROM below. J NAT. SIZE. (2) THE SAME FROM
ABOVE; U, SACRO-DORSAL; 1. S., 2. S.j 3. S., AND -}. S.,

SACRALS ONE TO FOUR, EESPECTIVELY ; ng, NERVE-
GROOVE. After Hulke.
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The anterior caudal vertebrae, as described, show the same short-

ness of centrum, the backward slant of the spinous process, the trans-

verse processes, and the distinctive obliquity of the more anterior

ones. As in the American species, the suppression of the transverse

processes is soon followed by the disappearance of the neur6-central

suture. The median caudals are compressed and the more distal

ones have a simple, cylindrical form.

The change in form of the articular surfaces of the vertebral

centra, traceable through the column, when compared with the Amer-

ican species, is highly instructive. In the neck these surfaces are

opisthocoelous ; at the root of the neck, the anterior ball is less con-

vex, the posterior cup less deep; in the forward dorsal region, the

anterior surface is very slightly concave, the posterior surface more

so, and in the tail, both surfaces are concave.

Such parts of the ilia as are preserved apparently lack the hori-

zontal j)late developed in all of the American species. Its absence,

however, may be due to the mutilated condition of the bones. The
pubis and ischium were too fragmentary for description.

The femora were represented by portions of the articular ends.

The presence of a deep, narrow, anterior intercondylar notch char-

acteristic of the Wealden iguanodonts, is quite different from the

broad, comparatively shallow groove found on the femora of Camp-
tosaurus. The tibia', which are also imperfect, show no important

differences.

The tarsus consists of two elements, astragulus and calcaneum,

which, as in the American species, remain distinct, and appear quite

similar in nearly all respects. There were no elements found which

could be identified as pertaining to the distal row of the tarsus.

As described, the foot elements show no particular differences from

the American species, except in the lateral compression of the un-

guals, those of the American species, with the exception of the first,

being somewhat depressed.

Some imperfect bones, which were more slender and appeared to

have been relatively longer than the metatarsals, Hulke regarded as

metacarpals. These are suggestive of an iguanodont rather than a

camptosaurian type of animal.

The other elements preserved are all too fragmentary to admit of

comparison.

The specimen, as briefly reviewed above, was first described by

Hulke as a new species of Ir/unnodon, being separated from its nearest

ally, /. manteUi, by the following characters: " The flattening of the

undersurface of the sacral centra, and the relative simplicity of the

marginal serrature of its teeth.'" Later, Seeley proposed the genus

Cvmnoria for the reception of this fossil, characterizing it as follows:

" It is separated from Iguanodon by many characters, such as the
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different t_ype of the parallel ridging and coarser serration of the

teeth. The vertebra^ are relatively Avider, the neural arch and cen-

trum both being more depressed; the lamina of the neural arch are

very stout, and the neural canal very small ; the sacral vertebra? are

not ankylosed, are only four in number, and are convex on the ven-

tral surface. The early caudal vertebrae are reduced in length, and

have the neural arch small. The astragulus and calcaneum are

separate."

In 1899, Lydekker referred the species to Camptosaurus, thus rele-

gating Ctminoria "" to the rank of a synonym till it can be shown to

have well-marked distinctive features." He further says :
" Evi-

dence of affinity between that species [Cumnoria {I gaanodon) prest-

u'lchii] and Camptosaurus is shown by the angulated and flattened

hsemal surface of the sacral vertebrae, and by the absence of ankylosis

between the centra."

Hulke believed the typical specimen to represent an animal be-

tween 10 and 12 feet in length, but not fully adult.

While the foregoing review of the description and figures of

C. presfivichii, as compared with the homologous parts of the Ameri-

can species, show many points of resemblance, certain differences

which have been pointed out show a closer relationship to Iguanodon

than to Camptosaurus. The acquisition of better-preserved specimens

may eventually show the generic distinctness of this form; but at

the present time I fail to detect characters of sufficient importance to

warrant its separation. For the present, C. prestwichii may be dis-

tinguished as follows:

Speci'fic characters. —Typically of moderate size; centra of cervical

vertehrcB suhrhomhic in outline. Sacrum of four vertehrm without

peg-and-notch articidation. Femur with deep., narrow., intercondylar

notch. Unguals of pes compressed laterally. Metacarpals slender

and relatively longer than metatarsals.

CAMPTOSAURUS?LEEDSI Lydekker.

Camptosaurus Icedsl Lydekker, Quart. Journ. Geol. Soc. London, XLV,
1889, pp. 46^8, fig. 3.

Camptosaurus leedsi Nopcsa, Foldtani Kozlony, Budapest, XXXI, 1901,

p. 210.

Holotype. —A fairly complete femur from the left side, now pre-

served in the collection of Mr. A. N. Leeds, of Eyebury, England.

From the Oxford Clay, near Peterborough, England.

Description. —No characters of specific importance were given by

Lydekker to separate this species from the other forms under this

genus. For the present I can do no better than to quote Mr. Lydek-

ker's original comments.

The present middle portion of the shaft has been considerably crushed and

broken, but both extremities are entire. The shaft agrees with the femur of

Proc. N, M. vol. xxxvi— 09 19



290 PROCEEDINGSOF THE NATIONAL MUSEUM. vol. xxxvi.

Hypsilophodon and of the North American Camptosaurus (Camptonotus), and

differs from that of Iguanodon In its markedly forward arcuation. The inner

trochanter has lost its free extremity, but the basal portion shows that it is of the

" pendant " type characteristic of the two former genera and not the " crested "

type found in Iguanodon. The anterior intercondylac groove is slightly less

developed in this specimen than in either of the Wealden genera, but it is still

present. * * * There is, indeed, no decisive evidence to prove that the

present specimen indicates a form specifically distinct from the species from

the Kimeridge Clay [C. (Iguanodon) prestwichn'\ ; but since most of the

Sauropterygians of the Kimeridge are distinct

from those of the Oxford Clay, I think it highly

probable that the same may hold good with the

Dinosaurs, and I therefore propose to provision-

ally regard the present specimen as the repre-

sentative of a distinct species which may have

been somewhat smaller than Iguanodon prest-

ivichU, * * * jjj^^i since I can see no char-

acters by which either this specimen or /. prest-

wichii can be separated from Camptosaurus, I

propose to refer both the Kimeridgian and Ox-

fordian species to that genus under the respec-

tive names of C. prcsticicJiii and C. Iccdsi.

While the femur of C. leedsi, as de-

scribed and figured by Lydekker, appears

similar in most respects to the femora of

the American Camptosaurus, yet the posi-

tion of the inner trochanter wholly upon
the proximal half of the shaft (see fig. 44)

at once distinguishes it from all of the

described species of that genus, which in

all cases show this trochanter extending

somewhat below the median line. That

C. leedsi represents a closely related form

there can be no question, but, if referable

at all to an American genus, its closest

affinities, as indicated by the femur, are

with Dryosaurus. This suggestion be-

comes more apparent when it is known
that a recent examination of the type

specimen of D. alfiis, No. 1876, Yale

Museum, shows that the femur has been

incorrectly illustrated. For example, the shaft is not straight, but

is curved as in Camptosani'iis., and while the inner trochanter is

upon the proximal half, it is not placed so high as indicated in

the figure." The femur of C. leedsi may be distinguished from the

femur of Ilypsilojjhodon by the " more wing-like " shape of the

inner trochanter of the former.

Fig. 44.

—

Left femur of Camp-
tosaurus LEEDSI Lydekker ;

FROMTHE Oxford Clay near
Peterborough. 5 nat. size.

HoLOTYPE. a, head ; h, les-

ser TROCHANTER; C, INNER
TROCHANTER; d, INTERCON-
DYLAR GROOVE; e, INNER CON-
DYLE. After Lydekker.

"Amer. Journ. Sci., XVI, 1878, pi. ix, fig. 3.
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CAMPTOSAURUS?VALDENSIS Lydekker.

Hypsilophodon. Lydekker, Cat. Foss. Koptilia and Amphibia. Brit. Mns.,

Pt. 1, ISSS, pp. 195, 227; Geol. Mag., Dec. 3, V, 1888, p. 453.

Camptosaurus valdcnsis Lydekker, Quai't. Journ. Geol. Soc. London, XLV,
1880, p. 48.

Camptosaurus valdcnsis Nopcsa, Foldstani Kozlouy, Budapest, XXXI,
1901, p. 210.

Holofype. —No. E. IGT, British Museum; an imperfect femur, from

the Weaklen of the Isle of Wight. With this Lydekker provisionally

associates a mandibular ramus, No. R. 180.

Lydekker "^ records this femur as pertaining to the genus Ilypsi-

lophodon. Later he says:

It is not improbable that the mandibular ramus entered on p. 227, Cat. of

Fossil Reptilia and Amphibia of the British Museum, as a young Iguanodont,

may resilly indicate a smaller adult form, allied to Laosaurus or Campto-

saurus, in which event the undetermined femur mentioned on p. 195 may per-

haps belong to the same form.

A year later he comes to the following, conclusion regarding the

disposition of these specimens

:

I have called attention to an imperfect femur in the British Museum (No.

R. 167) from the Wealden of the Isle of Wight, which has l)een referred to

Hypsilophodon, and have suggested that, together with a mandibular ramus
(No. R. 180) from the Wealden, hitherto regarded as that of a young Igitanodon,

it probably Indicates a form allied to Camptosaurus. A comparison of this

femur with the subject of the present communication [C. Iccdsi], shows such

a close similarity between the two that there is every probability of their

generic identity ; and since there is no other evidence of the existence of a

Hypsilophodon of these dimensions, I propose to apply the name Camptosaurus

valdcnsis to the Wealden form, of which I take the femur as the type, and
provisionally associate with it the mandibular ramus.

Since the type femur has not been described nor figured, a com-

parison with the femora of American forms can not be made at this

time, but, inasmuch as its resemblance to the typical femur of C.

leedsi was the chief reason for assigning it to this genus, there is

every probabilit}^ that this form is also distinct from Camptosaurus.

The fragmentary nature of the material upon which the species ij

based precludes the possibility of ever defining it adequately, and it

will probably always remain a species of imcertain affinities.

CAMPTOSAURUS?INKEYI Nopcsa.

Camptosaurus inkeyi Nopcsa, Denkschr. k. k. Akad. Wien, LXYIII, 1899

(1900), p. 579; Foldtani Kozlony, Budapest, XXXI, 1901, p. 210.

Holotype.—Denta.ry and a fragment of the angular from the Upper
Cretaceous of Transylvania (Comitat Hunyad), Hungary.

» Catalogue of Fossil Reptilia and Amphibia in the British Museum, p. 195.
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The original preliminary description of this species, which ap-

pears as a footnote in Nopcsa's paper on Limnosaurus transsylvanicus

in the publication cited above, is as follows

:

Caniptosaurits inkcyi uew spec, (nach Herrn Bela Inkey ehemaligen Chef-

geologen cler k. ung. geol. Anstalt als Zeiehen meiner Dankbarkeit fiir die

zablreielien Winke, (lurch die er mir das Studium der geologisclieu Yerbjiltnisse

des Hatszegertliales wesentlich erleichterte). Nur Dentale und ein Fragment

der Angulare erhalten. Partie bei der Symphyse drcikantig und auf spitzeu

Scbnabel binweisend. Keine eigene Sympbysenflacbe, sondern die Kieferspitze

innen und ausseu raub sculpirt, was auf liganientose ^"erbindung deutet. Fora-

men mentale vorbanden. Eine dariiber gelegene Itinne (wie bei den Iguanodon-

tiden) feblt. Ober- und Uuterrand des Kiefers nicbt parallel. Uuterrand

etwas- gekriimmt wie bei Hypsilophodon (Hulke 1882). Innerand bei den

Alveolen gleich boch mit dem Aussenrand. Die interne Rinne und die Foramina

(10) sebr stark entwickelt. 10 Alveolen. ZJilme iibnlicb wei bei Cumptosaurun,

jedocb regelmiissiger gekerbt. Obne bemerkenswertben Mediankiel. Eine

detaillirtere Beschreibung soil bei einer anderen Gelegenheit gegeben werden.

From the above description it is at once apparent that the dentary

of Camptosaurus inkeyi is quite unlike those of the American species,

so far as known. In C: dispar, as shown in fig. 8, the outer and

inner surfaces of the anterior end of the dentary are reasonably

smooth; the upper and Icwer borders parallel, the ventral nearly

straight, curved slightly if at all; internal alveolar border lower than

external ; fifteen to sixteen alveoli ; teeth with one or more prominent

and many secondary longitudinal ridges. A comparison of these

characters with those described by Xopcsa shows but few in common.
These appear to be in the presence of the foramen mentale, the curved

teeth, and the presence of a longitudinal groove below the internal

alveolar border pierced by the foramini, the latter, however, being

more numerous in the American species.

The wide differences shown in the above brief review appear to

indicate at least the gt aerie distinction of the form under considera-

tion, but since Nojicsa has promised a more detailed description of

his specimen, I shall leave the matter to him for final disposition.

CAMPTOSAURUSDEPRESSUS, new species.

Camptosaurus Lucas, Proc. U. S. Nat. Mus., XXIII, No. 1224, p. 591.

Holotijpe.—Cat No. 4753, U.S.N.M. Collected by Mr. N. H. Bar-
ton, of the U. S. Geological Survey, in " Calico Canyon," near Buffalo

Gap Station, South Dakota, from beds considered by him to be of

Lower Cretaceous age (Lakota sandstone).

The type specimen consists of portions of both ilia, anterior part

of the blade of one pubis, an incomplete sacrum, centrum of the last

or sacro-dorsal, 12 caudal vertebra^, 1 thoracic rib, and many frag-

ments. This specimen was associated with the fragmentary skeleton,

No. 4752, U.S.N.M., described by Dr. F. A. Lucas as Stegosaurus
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marshii"^ and later referred by him to the new genus IloplitosaurusJ'

Most of the elements preserved were inclosed in two large joieces of

rock.

The distinctive characters shown by the ilia, sacrum, and pubis

appear to justify the establishing of a new species, for which I pro-

pose the name CaTnptosaurus depressus, the specific name being sug-

gested by the narrowness or depressed nature of the ilia.

Specific characfc7's. —Ilium narr(nr with shallow acetabular and

Fig. 45.

—

Anterior portion of right ilium of Campto.s,\urus depressus. Cat. No.

475.5, U.S.N.M. Holotype. | nat. size. From a photograph.

narrow preacetdbular notches. Sacrals ankylosed. with rounded

ventral surfaces. Anterior end of pubis broad.

Detailed description. —The ilium, of which a representation is given

in figs. 45 and 46, is characterized by its narrow, vertical depth. The
acetabular notch is very shallow and short, while the preacetabular

notch is narrow, due to the lower point of origin of the preacetabular

process and the more elevated direction of the pubic process, which,

in all other species is deflected more ventrally (see Plate 14). Com-

FiG. 46.

—

Left ilium of Camptosaurus depkessus. Cat. No. 4753, U.S.N.M. Holotypb.
i NAT. size. Preacetabular process wanting, and the upper posterior portio.n

IS CRUSHEDDOWNSOMEWHATFROM ITS NORMALOUTLINE. FROMA PHOTOGRAPH.

pared with the ilium of C. browni., its nearest ally, G. depressus ap-

pears to indicate a smaller form. The interval between the pre- and
post-acetabular notches is comparatively short, measuring 141 mm.,
Avhile in C. broivni it is 204 mm. The vertical height of the left

ilium from the inferior border of the middle of the acetabulum,

allowing for slight crushing, is about 105 mm. As shown by the

anterior portion of the right ilium (see fig. 45), the long, curved

« Proc. U. S. Nat. Mus., XXIII, 1901, p. 591, pis. xxiii, xxiv.

» Science, XVI, Sept. 12, 1902, p. 435.



294 PROCEtlDtNGS OF THE I^ATIONAL MtJSEVM. vol. xxxvi.

preacetabular process is terminated by a somewhat more angularly

pobited end than the rounded, more spatulate type found in C.

dispar (see fig. 29). AVith the exception that the ischiac process

is not so robust, in nearly all other respects the ilia appear very

similar to those of the better known species. The contour of the

posterior end, due to the

'; damaged condition of both
™ elements, can not be de-

j termined at this time.

2 Turning now to the sa-

5 oral and caudal vertebrae

E^ associated with the ilia, it

= may be observed that the

H sacrals are characterized by
'' the ankylosis of all their

^ centra and their quite

I
evenly rounded haemal sur-

1 K faces, there being just the

5 M faintest indication of the

i g presence of a median keel

2 S upon Sacrals I, 11, and

^ 2 III. None shows the flat-

:" 2 tened ventral surfaces ob-

^ served in the paratype of

^ i C. dispar, No. 1877a, Yale

^
" Museum. In this respect,

2 except in size, they more

^ nearly resemble the sacrals

^ of C. nanus.

i From the fragmentary

^ evidence, it appears there

1 were at least seven verte-

^ brae ankylosed by their

f centra in this region, the

J most anterior of which is

2 a sacro-dorsal, the poste-

rior one likely representing

a sacro-caudal, as in C. hrowni. Attached to the rock, which also

holds the left ilium, are a number of spinous processes, which, if

they pertain to the sacrum, show the spines as being much narrower

antero-posteriorly, and without the heavy expanded tops of C. dispar.

The caudal centra show no distinctive characters, but, as in the

other species, the anterior caudals show the same obliquity of the

centrum, the small neural canal, the wide transverse processes, and

the slightly biconcave cupping of the articular ends, The diameter
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of the anterior caudal centra is greater vertically than transversely.

One of the sacro-caudals shows it to have had a transverse process

whose greatest width, at the point of origin at least, is in the vertical

direction. The more distal caudal vertebra^, of which there are three

present, show the same cylindrical shape, with long pre- and post-

zygapophyses, as found in O. hrowni

The principal dimensions of the holotype are as follows:

mm.
Vertical depth of ilium from middle of acetabular l)order (estimated) 105

Distance between pre- and post-acetabular notches 141

Width of pubis 63 mm. from the anterior end 105

(Jreatest length of sacro-dorsnl 58

Greatest length of first sacral 53.

Greatest length of second sacral 56

Greatest vertical depth of sacro-dorsal (anterior end) 70

Greatest length of caudal centrum bearing chevron (second?) 51

Greatest width anterior end of caudal centrum bearing chevron (second?) 66

Greatest height anteri<ir end caudal centrum bearing chevron (second?) 76

A second specimen. Cat. No. 5820, U.S.N.M., consisting of the well

preserved anterior portion of a right ilium, collected by Mr. J. L.

Kenney from the Morrison beds of the Jurassic, near Como, Albany

County, Wyoming, undoubtedly pertains to this species (see fig. 47).

CAMPTOSAURUSBROWNI, new species.

Holotype.— Cut. No. 4282, U.S.N.M. From the Jurassic (Mor-

rison beds). Quarry No. 13, 8 miles east of Como, Albany County,

Wyoming. Collected by Mr. Fred Brow^n during the years 1885 and
1886. Named for the collector, whose discoveries of important fossil

sjjecimens have done much to further the science of paleontology.

The typical specimen consists of a considerable portion of the

skeleton, and since the elements have been listed on page 203, it ap-

pears unnecessary to again enumerate them. As this skeleton is the

basis for that part of the present paper devoted to the osteology

of Cmnptosawus, where a detailed description of the bones compos-

ing it will be found, it is necessary here to discuss only those char-

acteristics by which it differs from the other known species.

Specific characters. —Iliurrh of moderate depth., with long pre- and
post-acetdbular processes; the hinder /'ar^ especially narroic; su-

perior border slightly convex with oblique posterior portion short..

Seven vertehrce., of which five are considered sacrals, united hy suture

in sacral region. Peg-and-notch articulation confined to the posterior

memhers and extending into the anterior caudals. Anterior sacral

vertebrae, compressed transversely. Last dorsal with ventral keel.

Ischia slender with light expanded distal ends.

Typically the skeleton represents an animal about IG feet in length,

intermediate in size between C. dispar and C. mediiis. While it ap-
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proaches the former more nearly in size, it resembles the latter in

the comj)arative lightness of its skeletal structure.

The cervical vertebra* of 0. hrotcni, when compared with those of

C. dispar^ show a much narrower ventral keel and deeper lateral

depressions. The dorsal region, on account of the lack of material,

I am unable to contrast with the other species, excepting C. nanus.,

the dorsals of which may be readily distinguished on account of their

small size and the thinness of the spinous processes, which are with-

out decided thickening of their superior terminations.

The last, or sacro-dorsal, has a short but decided ventral keel which

at once distinguishes this element from the smoothly rounded haMnai

surface of this vertebra? in C. cJisfai\ or the faint keeled ones as found

in C. depressiis., G. nanus., and C. prestwichii.

The sacral region of C. hroivni resembles O. depressus most nearly

in having seven vertebra* united by suture, of which five are con-

sidered true sacrals in the former species. The sacrum differs from

C. dispar in the increased number of sacral vertebra*, the absence, in

the anterior elements, of the peg-and-notch articulation, and its con-

tinuance into the caudal region, and by the more compressed and

keeled anterior centra. The absence of the peg-and-notch articula-

tion in the sacrals of 0. nanus and G. prestwichii at once separates

them from G. hroumi.

Outside of the anterior caudals, as noted above, the other vertebrae

of the tail show no distinctive features.

As known at the present time, the ilium is one of the most char-

acteristic bones of the entire skeleton of Gamptosauriis., and since

this element is present in all of the holot3'pes of the American species,

excepting G. amplus.^ it oifers a basis of comparison equal in impor-

tance to the differences displayed in the several species. The length

of the ilium (see fig. 30), which wants the extremity of the pre-

acetabular process, is quite equal to that of the average adult indi-

vidual of G. dispar (see figs. 1 and 3, Plate 14), although its greatest

dej)tli is considerably less. The preacetabular process when complete

was long, the superior border slightly convex, and the post-acetabular

portion long and especially narrow, the angular oblique border of

the supero-posterior end being short. Compared with the ilia of

the other species, the difference in the form of the hinder half,

coupled with its other proportions, would, apart from other evidence,

indicate the specific distinctness of its owner. In contour the ilium

is intermediate between G. medius on the one hand and C. depressus

on the other, as may be seen by comj^aring figures. Compared with

G. depressus.^ it shows a much wider preacetabular notch, a deeper

acetabulum, and a greater depth of the bone as a whole.

The pathological condition of the right ilium of G. hroivni is of

interest in showing to what extent the shape of a bone may be modi-
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fied by external injury. On the posterior half, the comparatively

thin, plate-like part of the ilium is divided vertically, the two halves

swelling out to form the walls of a cavity which extends downward,
emerging on the ventral border. The cavity is longer than wide,

measuring on the upper border of the opening 8(5 nnn. in a longi-

tudinal direction and 46 mm. in the transverse, the ventral exit being

considerably smaller. As indicated by a deep depression on the dorsal

border, the injury was probably received from above.

The exostosis of the bone was greatest on the front side of the

cavity where it measures 72 mm. in Avidth. The nornuil diameter of

this part of the ilium, as shown by one of the opposite side, is only

21 mm. A second injury was found on one of the caudal vertebrae

near the root of the tail, as indicated by the pathologic condition of

the spinous process, which is considerably enlarged and has near

its base an elongated opening w^hich perforates the bone. AMiile the

wound in the ilium must have been an exceedingly painful one at

the time of infliction, it in no way utterly disabled the animal, at

least to the extent of leading to its death, for, as shown by the speci-

mens, all of the broken margins of the bone had healed. Although
these injuries may have been inflicted by some of its large carnivorous

contemporaries, the position of the wounds suggests the idea that

this individual Avas a female who might have received the injuries

during copulation.

The ischia of O. hroumi are comparatively slender, and while there

is a considerable expansion of their distal extremities, they lack

the massiveness of those of C dlspar. In the lightness of the struc-

ture of these elements, they apj^roach C. medius most nearly.

The fore limbs and feet show no distinguishing characteristics.

The principal measurements of the vertebra^ and other parts will be
found in that part of the paper devoted to the osteology of Camp-
tosauriis.

GEOGRAPHICALAND GEOLOGICALDISTRIBUTION.

In North America, camptosaurian remains have been found in

southeastern Wyoming, in Albany and Carbon counties ; « Colorado,

near Canon City, and in the " Garden of the Gods", near Colorado
Springs; South Dakota, in Custer County, in the vicinity of Buffalo

Gap. Beyond the limits of the United States, specimens which have
been referred to Camptosaurus have been found in England, Isle of

Wight, and Hungary.
All of the American species, with the possible exception of C. de-

2?ressiis, are from the Morrison beds (Atlantosaurus beds of Marsh),

«Iu the Journal of Geology, XIII, No. 4, 1905, p. 348, Dr. S. W. Williston
reports the occurrence of Laomurus remains in Fremont County, near Lander,
Wyoming, in deposits considered lower Cretaceous in age.
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of the Jurassic, but Marsh's statement that " they occur in successive

deposits of the same general horizon, the smallest species below, the

largest above," " can not be verified, and is not borne out by the

structural characteristics of the typical specimens. Moreover, as

shown by the original field labels still remaining with the type

material, C. dispar, 0. 7nedius, and C nanus came from the same

quarry (No. 13) and in all probability were found at the same level.

Although the holotype of (\ ampins Avas found in the same general

area, it is from another quarry in a region where it is difficult to

trace stratigraphic horizons. It also appears from Marsh's own
writings that he was not quite clear as to their stratigraphic posi-

tions, for in 1879 ^ at the close of his description of C amplus, he

says: " The remains of the present species are from a lower horizon

in the Jurassic than those described above \C. dispar], but within

the limits of the Atlantosaurus beds." He thus places the larger

species at a lower level, which is contradictory to his later statements.

Fig. 48.

—

Section of Qi'.\I!T!y 1."^. M.vde p.y Mk. Fred Browx ix 1SS4.

Since Quarry No. 13 has furnished four of the holotypes per-

taining to the genus Oamptosaurus, besides a vast quantity of other

material, the exact stratigraphic position of the bone-bearing layer

is of considerable interest. A clue to the position of this layer was

found in a rough section of the strata exposed in working this quarry,

made by Mr. Fred Brown in 1884 (see fig. 48).

The fossils occur here in a layer of sandy cla}^," as I have deter-

mined from the matrix, still adhering to bones, and, as seen in

Brown's section, the bone-bearing layer (" pay streak ") is inter-

calated between layers of marl or clay, green below and brownish

above, all three layers lying between bands of sandstone.

« Amer. Journ. Sci., XLVIII, 1894, p. 85.

6 Idem, XVIII, 1879, p. 503.

^ On pTige 199 of the present paper, Mr. W. II. Keed is quoted as also noting

the sandy nature of the matrix in which the fossils occur as being unusual.
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In comparing the conditions here with the sections so carefully

worked out by Dr. F. B. Loomis" at Como Bluif and Little Medi-

cine, in an area a few miles to the west of that under discussion,

it appears that this sandy layer may be tentatively correlated with

No. 28 of his section (see Plate 20), which he describes as follows:

No. 2S is a gi'ay sandstoue iu wbicli the rich Bone Cabin Quarry is situated,

and also tlie Stegosaurus Quarry. The sandstone varies extremely in hard-

ness, being, iu the south part of Bone Cabin Quarry, soft and mixed with con-

siderable clay so that it is workable with an awl. In the northern part of the

quarry, however, there are bands of the firmest sort of sandstone. In Como
Bluff the layer is clay with merely an admixture of sand. Bone Cabin Quarry

has yielded a great variety of genera : Diplodociis, Morosaurus, Brontosaurus,

AUosaiinis, Ccratosaurus, Camptosaurus, Stegosaurus, as well as several

genera of carnivorous Dinosaurs; also Cnmpscmys and Goniopholis.

The correctness of the above correlation appears to be indicated

(1) by the similar nature, lithologically, of the materials composing

the bone horizon, (2) a similarity in the over and underlying strata,

(3) the likeness of the faunas from the two localities. If later

investigations show this provisional correlation to be correct, it is

of the utmost importance as definitely locating the horizon from

which the holotypes of the following species have come: Campto-

saurus dispar^ (J . 7nedius, G. naiius, C. hrowni, Di'yosaurus alius, and

Diracodon latlceps. Among the other dinosaurian genera recognized

from qfuarry No. 13 are Stegosaurus, Allosaurus, Coehmis, and

Moi-osaurus, as well as the turtle, Glyptops and the crocodile Goni-

opholis, and fish remains, which, however, are too fragmentary to

admit of identification. By comparing the faunal lists of the two

quarries, it will be observed that they are quite alike, although Bone
Cabin Quarry predominates in representatives of the Opisthocoelia

(Sauropoda), Quarry 13 in members of theOrthopoda (Predentata).

This observation would also apply to the relative numbers of indi-

viduals of each group found in the two quarries. Quarrj'^ No. 13, as

shown by the maps, was especially rich in stegosaurian and campto-

saurian remains.

With the permission of Dr. F. B. Loomis, I reproduce (Plate 20,

figs. 1 and 2) sections of the Little Medicine and Como Bluff

exposures, which, according to his measurements, show the 5-foot

sandy layer No. 28 to be within 60 feet of the overlying Cretaceous

(Dakota). This is the highest known horizon of the Jurassic in

which camptosaurian bones have been found, and the discovery at

this level in the famous " Bone Cabin Quarry " of a skeleton of

C. namis (see Plate 19), strengthens somewhat the assumption of

the contemporaneity of this layer with the bone horizon of Quarry 13.

« Bull. Amer. Mus. Nat. Hist, XIV, 1901, pp. 189-197, pi. xxvii, figs. 2, 3.
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The finding of Canvptosaarus remains in the Lakota, near Buffalo

Gap, South Dakota, a^^pears to extend the geological horizon of this

genus. The occurrence of these fossils is described by Mr. N. H.

Darton*^ as follows:

The formation lias yielded a large number of cycads, notably those described

by Mr. Lester F. Ward. These and associated plants are regarded by Mr.

Ward as Cretaceous in age. In 1898 I discovered saurian bones in or near

the cycad horizon at Buffalo Gap, but as they are of new species it is difficult

to obtaiu from them any evidence bearing on the age of the formation. If it

were not for the evidence of the flora, these bones would be regarded as late

Jurassic in age. * * * rpj^g bone bearing beds are in the middle of the

Lakota formation, or about 90 feet above the unconformity on the Unkpapa
sandstone which is approximately the horizon that has yielded the cycads

between Edgemont and Minnekata, near Blackhawk and elsewhere about the

hills.

The vertebrate fauna of the above horizon, as now known, con-

sists of Iloplitosaurus {Stegosuurus) marshi (Lucas) and Camp-
tosaurus depressus, new species, while the presence of a sauropodous

dinosaur is indicated by some fragmentary bones found associated

with the type material.

That the bone-bearing layer at Buffalo Gap is later than the fossil

horizon in Quarry 13, Como, Wyoming, appears quite probable, al-

though the evidence as yet is insufficient to conclusively establish the

fact. IIoplitosaKnis has its nearest ally in Polocanthus of tlie AVeal-

den. While the former genus is known by a single fragmentary speci-

men only, it may, from its geological position, rei)resent a forui in-

termediate between Stegosmvnis of the Jurassic, and Nodosaurus^

Stegopelta, and Anchylosaurus of the American Tapper Cretaceous.

Although the typical specimen of C. depressus is fragmentary,

such parts as are preserved appear to show that of all the known
forms of Camptosaurus this species approaches the Wealden Igua-

nodon most closely, as indicated by the narrowness of the ilium and

the coosification of the sacral vertebrae.

As has been pointed out in the preceding pages, the Gcmiptosauriis

remains from Quarry 13, wdien compared with Iguanodon., show a

more generalized structure, which suggests a somewhat greater an-

tiquity for the beds in which they are found. In this connection it

is a significant fact that of the several European species referred to

CaTThptosaurus^ the only valid one is G. prestwichii from the Kim-
meridge Clay, and its affinities appear to be nearest to G. nanns, the

holotype of which was found in Quarry 13. Corroborative evidence

is furnished b}^ the abundant remains of Stegosaurus found in the

above quarry (see Plate 6), which genus is so closely allied to Dacen-

"21st Ann. Rept. U. S. Geol. Surv., Pt. 4, 1§99-1900, p. 527.
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fn/ri/s" {Omof^aurus) from the Kimmeridge that Marsh believed

them to be identical.

It is imfortunate that the early paleontologists rarely gave any
precise location, nuich less the exact geological horizon from which
typical specimens were obtained, so that the faunas of the upper
and lower parts of the American Jurassic, except in a few instances,

have never been differentiated. The whole fauna has been included

under the term Upper Jurassic, and only in the last few years have a

few authorities separated some of the upper part as lower Creta-

ceous. The vertebrates found in the Lakota at Buffalo Gap point to

its being the equivalent of the Wealden of England. xVssuming, as

many authorities do, that the Wealden is really Jurassic, these beds

would then represent the uppermost part of that formation.

The above evidence, then, is in favor of the contemporaneity of the

Buffalo Gap horizon with the Wealden, and indicates that the age of

the Quarry 13 bone layer is greater than the Wealden. Such evi-

dence as is shown by the Camptosaurida^ not only supports Hatcher's

contention ^ that the lower members of the Morrison (Atlantosaurus

Beds) are below the Wealden, but that they are of greater age than

the Purbeck and jDossibly equivalent to the Kimmeridgian,

RESTORATIONOF CAMPTOSAURUS.

Marsh gave us the first skeletal restoration of Caviptosaurus, here

reproduced as Plate 18. While this reconstruction gives a good

idea of the animal as a whole, it is now known, as has been pointed

out earlier in the present article, to be in error in several particulars.

The most striking change brought about by this more recent study is

the shortening of the presacral region, which was made too long by
Marsh, owing to an overestimate of the number of presacral vertebrae.

In his figure (see Plate 18) there are 30 presacral vertebrae, 9 of

which are considered as belonging to the cervical region, thus leaving

21 thoracic vertebra\ Two specimens in the U. S. National Museum
agree in having 16 dorsals each. If, then, this latter number is correct,

the presacral series would be shortened by 5 vertebrae, making the

proportions of the animal markedly different from the first conception

of its appearance (compare with Plate 19). Even though it ulti-

mately be found that Camptosaurus has 18 dorsal vertebrae (a possi-

bility indicated by the occurrence of that number in the holotype of

O. prestwichii and in the allied Iguanodon)
, it would still mean the

shortening of the column by 3 vertebrae, which would have lessened

the distance between the fore and hind limbs, producing a more
comjDactly built animal than appeared in the first reconstruction,

"Science (N. S.), XVI, 1902, p. 435.

* Memoirs, Carnegie Musuem, III, 1903, p. 68,
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Although there is a considerable disparity in length between the

fore and hind limbs, there appears to be some evidence to show that

the bipedal mode of progression was not habitual. While I do not

wish to be understood as believing that the upright position was not

frequently assumed, still it appears to methat the quadrupedal posture

was used more frequently than has been generally supposed. This

is shown by the compact, ossified carpus, with smooth, well-defined

articulating surfaces, which is supported by comparatively short and

stout metacarpals, Avhose function was that of support rather than

prehension. "WHien compared with those of animals whose mode of

progression is normally bipedal, the suggestion advanced here be-

comes more apparent. Trachodon has slender, elongated metacarpals

and imperfectly ossified carpus, and Iguanodori also has a tendency

toward the lengthening of the metacarpals, though not so marked as

in the former genus. The curved femur is also indicative of a flexed

limb, which Avould have equalized somewhat the difference in length

between the fore and hind legs. This character of the femur is in

striking contrast to the straight femur of both Iguanodon and

Trachodon^ a provision, as in the Proboscida^, for the support of

great weight. The obliquity of the anterior caudal centra indicates

a rapid dropping of the tail as it leaves the sacrum, which is also

suggestive of a normal quadrupedal position. In the two genera

mentioned above the caudals extend straight out from the sacrum

without appreciable ventral deflection.

Through the courtesy of Dr. W. D. Matthew, of the American

Museum of Natural History, I am enabled to present in Plate 19

the first skeleton of Camptosauims to be mounted, which gives a truer

conception of the animal than is obtained from the earlier recon-

structions. As seen in the figure, the head is comparatively small,

being carried on a gracefully curved neck of moderate length. The
thoracic region, which has been given IG dorsals, is of moderate

length, borne on stout, clawed limbs, of which the hinder are longer

and stouter than the fore. In life this animal was evidently strong

and agile in movement. The tail was long, nearly equaling half the

total length of the skeleton, and in life it probably served as a bal-

ancing organ when the upright bipedal posture was assumed.

Unlike many of the other predentate dinosaurs, there have been no

dermal scutes nor ossicles found, so we have no knowledge as to the

dermal covering.





EXPLANATION OF PLATE 6.

Diagrams 5, 7, and part of 4, of Quarry 13, near Como, Albany County,

Wyoming, worked by Mr. Fred Brown for Prof. O. C. Marsli, during the years

1884, 1885, and 1886. The numbered bones show the positions in which the

various elements of tlie holotype of Camptosaurus browni. Cat. No. 4282,

U.S.N.M., were found in the quarry. The unnumbered bones scattered about

pertain chiefly to members of the Stegosiiuria.

A, Plesiotype of Diracodon laticcps. Cat. No. 4288, U.S.N.M.

B, Series of caudals and dermal ])lates of Stcgosaurus, Cat. No. 4714, U.S.N.M.

The scale is about 4 feet to the inch.
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Map of Quarrv 13. Near Como, Wyoming.
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EXPLANATION OF PLATE 7.

FiG.L Anterior part of skull. Cawptomurus ami>Ui.s? Marsb. No. 1887, Yale

Museum. About | nat. size.

2. Explanatory figure of same: /. lacbrymal ; „u maxillary: m/ nasal

;

no, narial orifice; pmx, premaxillary ; prf, prefrontal; so,

supraorbital,
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/
SO

Anterior Portion of Skull of Camptosaurus

^—prf

AMPLUS?.







EXPLANATIONOF PLATE 8.

Fic.L Posterior part of skull. Cnmptcmiuru.s ampins? Marsh. No. 1887, Yale

Museum. i uat. size. External view.

2. Explanatory Hgure of same: any, anjiular: d, dentary
;

ju, jugal; q,

quadrate; qj, quadratojugal ; sur, surangular.
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Posterior Part of Skull of Camptosaurus amplus?.







EXPLANATIONOF PLATE 0.

Fiu. 1. Posterior part of skull. Camntosauru.s ainplus? Marsh. No. 1887, Yale

Museum. | nat. size. Internal view,

o Explanatory figure of same: ang, angular; art, articular; co, coro-

noid; /. internal mandibular foramen?; h, hyoid; p, art, prearticu-

lar; pt, pterygoid; q, quadrate; s, splenial.
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EXPLANATION OF PLATE 10.

Fig. 1. Posterior portion of skull, Camptosanrus dispar Marsh. Cat. No. 5473,

U.S.N.M. ^ nat. size. Seen from above. From a photograpb.

2. Explanatory figure of same. nl. sp., alisphenoid ; c, occipital condyle;

/, frontals; p, parietal; />/. postfrontal ;
puc, paraoccipital process

or opisthotic; so, supraoccipital.
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Posterior Part of Skull of Camptosaurus dispar.







EXPLANATIONOF PLATE 11.

Fig. 1. Occipital region of skull, Camptosaurus dispar Marsh. Cat. No. 5473,

U.S.N.M. A uat. size. I'o.sterior view. From a photograph.

2. Explanatory figure of same, bs, basisphenoid ; exo, exoccipital; /, fora-

men magnum; oc, occipital condyle; p, parietal; pf, postfrontal ; pttc,

paraoccipital process or opisthotic ; p. pt., process which meets ptery-

goid; so, supraoccipital.
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Occipital Region of Skull of Camptosaurus dispar.







EXPLANATIONOF PT.ATE 12.

Complete neck and posterior portion of sl^nll ('(tinittosaurtis dispar Marsh.

Cat. No. 5473, IT, S.N. M. I nat. size. Viewed from tbe left side. From a photo-

graph.
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